Express Mail Label No. :EV7J 71 91 793 US 
Date of Deposit: April 3, 2009 

DOCKET NO.: G0744.90026US00 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant; . Paul DiTuUio et al. 

Patent No.: 6,441,145 
Confirmation No. : 3 148 

Issued: August 27, 2002 

For: TRANSGENICALLY PRODUCED ANTITHROMBIN III 

Examiner: D. Crouch 

Art Unit: 1632 

MAIL STOP HATCH- WAXMAN PTE 

Commissioner For Patents RECEIVED 
P.O. Box 1450 

Alexandria, VA 22313-1450 APR 0 3 2009 

PATENTEXTENSION 
Sir: OPLA 

APPLICATION FOR PATENT TERM EXTENSION UNDER 35 U.S.C. S 156 

Applicant, GTC Biotherapeutics, Inc., hereby submits this appHcation for patent term 
extension under 35 U.S.C. § 156 of Patent No. 6,441,145 ("the '145 patent") in Hght of the 
FDA's approval of Biologic License AppHcation (BLA) 125284 on February 6, 2009. Pursuant 
to 37 C.F.R. § 1. 740(b), this application is accompanied by the required additional two (2) 
copies, for a total of three (3) copies. 

Applicant is the assignee of the entire right, title, and interest in the '145 patent by virtue 
of an assignment recorded at Reel 007592, Frame 0745. Applicant was formerly named 
"Genzyme Transgenics Corporation", and the change of name to GTC Biotherapeutics, Inc. was 
recorded at Reel 013782, Frame 0450. BLA 125284 was approved in the name of GTC 
Biotherapeutics, Inc. 

For the convenience of the PTO and the FDA, this application will address the 
requirements for an application for patent term extension in the order presented ^^^^^^ih 
1.740(a). riTc^ir?''"''' 



1 . The approved product, ATryn (Antithrombin (Recombinant)) is a recombinant human 
antithrombin. Antithrombin (Recombinant) is a 432 amino acid glycoprotein with a molecular 
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weight of approximately 57,215 Daltons. The molecular formula is C2191H3457N583O656S18. 
Antithrombin (Recombinant) is produced by recombinant DNA technology using genetically 
engineered goats into which the DNA coding sequence for himian antithrombin has been 
introduced along with a mammary gland specific DNA sequence, which directs the expression of 
the antithrombin into the milk. 

The amino acid sequence of Antithrombin (Recombinant) is identical to that of human 
plasma-derived antithrombin. Antithrombin (Recombinant) and plasma-derived antithrombin 
both contain six cysteine residues forming three di sulphide bridges and 3-4 N-linked 
carbohydrate moieties. The glycosylation profile of Antithrombin (Recombinant) is different 
from plasma-derived antithrombin, which results in an increased heparin affinity. 

2. ATryn was subject to regulatory review under § 505 of the Federal Food, Drug, and 
Cosmetic Act and § 351 of the Public Health Service Act. 

3. ATryn received permission for commercial marketing or use under § 351 of the Public 
Health Service Act on February 6, 2009. 

4. The only active ingredient in ATryn is Antithrombin (Recombinant), which is approved 
for the prevention of peri-operative and peri-partum thromboembolic events in hereditary 
antithrombin deficient patients. Antithrombin (Recombinant) had not been approved for 
commercial marketing or use under the Federal Food, Drug, and Cosmetic Act; the Public Health 
Service Act; or the Virus-Serum-Toxin Act before the approval of BL 125284 on February 6, 
2009. 

5. This appUcation is being submitted within the 60-day period permitted by 37 C.F.R. § 
1.720(f), the last day of which is April 6, 2009. 

6. The complete identification of the patent for which a patent term extension is sought is as 
follows; 

Inventors: Paul DiTullio; Harry Meade; Edward S. Cole 

Patent Number: 6,44 1,145 
Issue Date: August 27, 2002 



Serial No.: 6,441,145 - 3 - Express Mail Label No,: EV 717191793 US 

Date of Deposit: April 3, 2009 

Expiration Date: Febraary 21, 2015 

7. A copy of the '145 patent is attached. (Attachment A) 

8. The ' 145 patent was terminally disclaimed. A copy of the terminal disclaimer is 
attached. (Attachment B) No Certificate of Correction or Re-examination Certificate has been 
issued. Attached is a copy of the receipt verifying payment of the 4^^ year maintenance fee in 
2006, (Attachment C) The 8*^ year maintenance fee payment window is not yet open. 

9. Claims 1-6 and 11-14 of the '145 patent cover ATryn, and claims 7-9, 15-16, and 18-19 
cover methods of producing ATryn. As demonstrated in the attached claim chart (Attachment 
D), ATryn is a mammary gland produced antithrombin III having a monosaccharide composition 
which comprises GalNAc, as specified by product claim 1. As also demonstrated in the attached 
claim chart, ATryn is produced in mammalian milk by a. providing a transgenic mammal that 
expresses in its mammary tissue a transgene which encodes a human antithrombin III with a 
monosaccharide composition which comprises GalNAc, wherein said human antithrombin HI is 
secreted into the milk of the mammal; and b. collecting milk from the transgenic animal which 
contains the human antithrombin III; c. to thereby obtain human antithrombin III with a 
monosaccharide composition which includes GalNAc, as specified by method of manufacturing 
claim 7. 
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10. The relevant dates and information pursuant to 35 U.S.C. § 156 (g) to enable the 
Secretary of Health & Human Services to determine the applicable regulatory review period are 
as follows: 



Investigational New Drug (IND) Application END 6881 for ATryn was submitted 
on October 15, 1996 and became effective on November 14, 1996. 



IND 10941 for ATryn was submitted on February 23, 2003 and became effective 
on April 1,2003. 

BLA 125284 for ATryn was submitted on January 31, 2008 and became effective 
on September 30, 2008. 



BLA 125284 for ATryn was approved on February 6, 2009. 
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11. As a brief description of the significant activities undertaken by applicant during the 
regulatory review period, attached are three chronologies (IND 6881, IND 10941 and BLA 
125284) of the significant communications of substance between the applicant and the FDA. 
(Attachment G) 
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12. Applicant is of the opinion that the '145 patent is eUgible for an extension under 35 
U.S.C. § 156 because it satisfies all the requirements for such an extension as follows: 

(a) 35 U.S.C. § 156 (a) - The '145 patent includes claims covering Antithrombin 
(Recombinant), the active ingredient of ATryn, and methods for producing 
Antithrombin (Recombinant). 

(b) 35 U.S.C. § 156 (a)(1) - The '145 patent has not expired before submission of 
this application. 

(c) 35 U.S.C. § 156 (a)(2) - The term of the '145 patent has never been extended 
under 35 U.S.C. § 156 (e)(1). 

(d) 35 U.S.C. § 156 (a)(3) - This appUcation is submitted by the owner of record 
of the patent in accordance with the requirements of paragraphs (1) through (4) of 
35 U.S.C. § 156 (d) and the applicable rules of the PTO. 

(e) 35 U.S.C. § 156 (a)(4) - ATryn has been subject to a regulatory review period 
before its commercial marketing or use. 

(f) 35U.S.C.§ 156(a)(5) 

(A) - Except as provided in subparagraph (B) or (C), the permission for 
the commercial marketing or use of the ATryn (Antithrombin 
(Recombinant)) after such regulatory review period is the first permitted 
commercial marketing or use under the provisions of § 505 the Federal 
Food, Drug, and Cosmetic Act or § 351 of the PubHc Health Service Act. 

(B) - Alternatively, the '145 patent claims a method of manufacturing 
ATryn (Antithrombin (Recombinant)) which primarily uses recombinant 
DNA technology, and the permission for the commercial marketing or use 
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of ATryn after such regulatory period is the first permitted commercial 
marketing or use of a product manufactured under the process claimed in 
the '145 patent. 

(g) 35 U.S.C. § 1 56 (c)(4) - No other patent has been extended for the same 
regulatory review period for ATryn. 

The length of the extension of patent term of the '145 patent claimed by applicant is 1243 
days (three (3) years, four (4) months and twenty-seven (27) days), resulting in an expiration 
date of July 18, 2018. The length of the extension was determined pursuant to 37 C.F.R. § 1.778 
as follows: 

(a) The Regulatory Review Period under 35 U.S.C. § 156 (g)(1)(B) began on 
November 14, 1996 and ended on February 6, 2009, for a total of 4469 days, 
which is the sum of (1) and (2) below. 

(1) The period of review under 35 U.S.C. § 156 (g)(l)(B)(i) ("the Testing 
Period"), began on November 14, 1996 and ended on September 30, 2008, 
which is 4339 days. 

(2) The period of review under 35 U.S.C. § 156 (g)(l)(B)(ii) (the 
"Approval Period") began on September 30, 2008 and ended on February 
6, 2009, which is 130 days. 

(b) The Regulatory Review Period upon which the period of extension is 
calculated is the entire Regulatory Review Period determined above (4469 days) 
minus: 



(1) The number of days in the regulatory review period which were on or 
before the date on which the patent issued (August 27, 2002), 35 U.S.C. § 
156(c), which is 2113 days; 



1 -^^ 
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(2) The number of days during which appUcant or its agent did not act 
with due diUgence, 35 U.S.C. § 156(c)(1), which is zero (0) days; and 

(3) One-half of the Testing Period after the '145 patent issued (one half of 
2226 days), see 35 U.S.C. § 156(c)(2), which is 1 1 13 days. 

The resulting number of days is 1243 days. Adding 1243 days to the original 
expiration date of the '145 patent (February 21, 2015) results in the extended 
expiration date of July 18, 2018. 

(c) The term from FDA approval until expiration of the extended patent term 
cannot exceed fourteen (14) years. 35 U.S.C. § 156(c)(3). Fourteen (14) years 
when added to the date of the BLA approval of February 6, 2009 would result in 
the date of February 6, 2023. The extended patent expiration date of July 18, 
2018 therefore does not violate the 14-year limit. 

(d) Since the patent issued after September 24, 1984, the period of extension may 
not exceed five (5) years. 35 U.S.C. § 156(g)(6)(A). Five (5) years when added 
to the original expiration date of the patent (February 21, 2015) would result in the 
date of February 21, 2020. The extended patent expiration date of July 18, 2018 
therefore does not violate the 5-year limit. 
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13. Applicant acknowledges a duty to disclose to the Director of the United States Patent and 
Trademark Office and the Secretary of Human and Health Services any information that is 
material to the determination of entitlement to the extension sought. 

14. The prescribed fee for receiving and acting upon this application is provided in the 
amount of $1,120.00. The Director is authorized to charge any additional fees required by this 
application to Deposit Account No. 23/2825. 

15. All correspondence and inquiries may be directed to the undersigned, whose address, 
telephone number, and fax number are provided below. 



Respectfully submitted, 




Wolf, Greenfield & Sacks, P.C. 
600 Atlantic Avenue 
Boston, Massachusetts 02210-2206 
Telephone: (617)646-8000 
Facsimile: (617)646-8646 

Docket No.: G0744.90026US00 
Date: April 3, 2009 

Attachments: 

Attachment A - Copy of ' 145 patent 
Attachment B - Terminal disclaimer 
Attachment C - Receipt verifying maintenance fee payment 

Attachment D - Showing that each applicable patent claim reads on ATryn or methods of 

producing ATryn with 
Attachments - Package Insert 
Attachment F - Cited Blood Reference 

Attachment G - Three chronologies of significant communications with FDA 
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Sequence Listing 



agaatttaccccaagatctcaaagacccactgaatactaaagagacctcattgtggttac -263 

aataatttggggactgggccaaaacttccgtgcatcccagccaagatctgtagctaccgg -203 

acaatttcatttcctttatcagattgtgagttatccctgttaaaatgctccccagaattt -143 

ctggggacagaaaaataggaagaattcatrtcctaaccatgcagatttctaggaattcaa -83 

atccactgttggttttatttcaaaccacaaaattagcatgccattaaatactatatataa -23 

acagccactaaatcagatcattATCCATTCAGCrrCTCCTTCACTTCTTCTCCTCTACTT 37 

TGGAAAAAAGgtaagaatctcagatataatttcagtgtatctgctactcatctttatttt 97 

ggactaggttaaaatgtagaaagaacataattgcttaaaatagatcttaaaaataagggt 157 

gtttaagataaggtttacaccaccttcagcagacatgttaaaaaatagaagtgacrataa 217 

agacrtgataaaaattataggtgactgcaa tttttgccat 277 

gaggcttgcaggatcttggttccctgaccagggatcaaacctgcactcccctggaagcat 337 

ggagtcttggacatttgtattatacactatctttggttccttttaaagggaagtaatttt 397 

acttaaataagaaaatagattgacaagcaatacgctgtttcctcatcttcccattcacag 457 

GAATCGAGAGCCATGAAGGTCCTCATCCTTGCCTGTCTGGTGGCTCTGGCCATTGCAAGA 517 

MKVLILACLVALAIAR 16 

GAGgtaaacacagaaaaaatgctgaaataatagactagtactgtctgcctatgtgtagaa 577 

E 17 

atcacattaccaacatcataaatgtataaataatgcacaatctcagatttattttttaat 637 

gctaagaaagtcatttatgttcatccactatctcaacagtatcccat^ggaccacaactc 697 

tgggtcaagtgctttctatagtattgtaccatctgtaccatcaattcctaaagaaaaagg 757 

aaaagaaaccaataagcaacagaccaacaagaaggaacacagacaagaacaaaaaatgag 817 

^ taatattgtacaaatacaattgcacg ctgcaggaactaaa 877 

gtgtttttttttctctCtctttttagCAGGAAGAACTCAATGTAGTCGGTGAGgtaagat 937 

QEELNVVGE 26 

atttttatacaaagaaaaaaattaatttaactgtaaaatagtaacagactctgatgatct 997 

agcagaaaactcagctaattgtcaatttttatttttcctttatagACTGTGGAAAGCCTT 1057 

T V E S L 31 

TCAAGCAGTGAGgtaagataatgttcattcagaggcaatttcccagatttagagcaataa 1117 

S S S E 35 

aacactgtattatctttttgtgttacattaattggcaacccactccagtactctt 1177 

gacaaacatgaattrttctttaaagctaaacctgattttattttt 1237 

atttttccaaagGAATCTATTACACACATCAATAAGgtaaaaccttcatatttaaacgta 1297 

ESITHINK 43 

cattttcaaaaatttcatgtctgatttttataaacagcatttctttatgcgtgattttct 1357 

ttttcaccagAAAATTGAGAAGTTTCAAAGTGAGGAACAACAGCAAACAGAGgtaatttg 1417 

KIEK^fQSEEQ QQTE 57 

ttcactatgagtatattttgagaagtattatgaaacataacacataaaagatttataata 1477 

attatgttcagtctaagaacggtaatataagtgtcagtgtaagaaatgaaaactttgaca 1537 



FIG. 10A 
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aaat9aaaat:a^tt:raaagatagaaacacdtrctt:daacacat:aat.caaacrtcagagt:a 1597 

tagaataaatacccaagaataactaccggtatactcartttactaacggtacaccrggct 1^57 

rtaataaatgcatattagtaggaacaattccagactagggactgngatccccrtacrcca 1717 

atgatggatargcrgatgaaagacagt:agggtgacagtgcggcactaarcct:aac. .~ . . 1777 

aaatggaagattttctttctctctcttcactgaattargt tttaa 1837 

aaagaggaggataatrcaticatgaataacaattataacrggattarggact gcaaaggca 18 97 

ttggttttccttctttccagGATGAACTCCAGGATAAAATCCACCCCTTTGCCC^ I957 

DELQDKIHPFAQAQ 71 

AGTCTCTAGTCTATCCarCACTGGGCCCATCCCTAACAGC^ 2017 

^ I* VyPFTGPIPNSLPQNXLP 91 

CTCTXACTCAAACCCCTGTGGTGGTGCCGCCTTTOT 2077 

LTQTPVVVPPFLQPEIMGVPlll 

CCAAAGTGAAGGAGRCtATGGTTCCTAAGCAC^^ 2137 

K V K' E TMVPKHKEMPFPKY P^VIBI 

TTGAGCCCTTTACTGAAAGCCAGAGCCTGACrrcTCACTGATG^ 2197 

EPFTESQSLTLTDVEKLHLP151 

CTCTGCCTCTGGTCCAGTCTTGGATGCACCAGCCrCXXCAGCCT^^ 2257 

L P li.VQSWMHQP PQPLSPTVM 171 

TGTTTCCTCCTCAGTCCGTGCTrGTCCCTTTCT 2317 

FP PQ-SVLSLSQP KVLPV PQK191 

AAGCAGTGCCCCAGAGAGATATGCCCMtrCMGC^^ 2377 

AVPQRDMPIQAFLLYQE PVL 211 

TTGGTCCTGTCCGGGGACCCTTCCCTATTCTTgtaagtctaaatttactaactgtgctgt 2437 

GPVRGPFPIL 221 

ttaacttctgatgtttgtatgatatttgagtaattaagagccctacaaaaaaatcaataa 2497 

tgaatggttccaaaacaagcatagctgagattaatgattctcagcattagttataaatag 2557 

aataagctggaaaacctrcacctcccctccaccaccagatccc 2617 

. • - aaaaacaaaatactgaagatgcttatttcaatactcagggaaaatttt cttgccaaa 2677 

aaggcaagaattgtataattcattcacttatttrattttttttaatttttaagGTCTAAG 2737 

V * 222 

AGGATTTCAAAGTGAATGCCCCCrCCTCACTTTTGg t caa 27 97 

attggaaatgggggtgagatgaagagttataacatataactaaatggacattgttctcta 2857 

ttccacagAMTGACTGCGACTGGAAATATGGCJACTT^^ 2917 

TAAGATA^^ 2977 

TTTTATGCTTTTTCATCTTAATTTGAATTTGAGT^^^ 3037 

AATTCAACATTAGa\TAAAAGTTCAATTTTAACTTGGAAATA^^ 3097 

ATGTATAAAAATAATTTCTGgaattgtgattattatttctttaagaatct.at:ttcctaac 3157 

cagtcatttcaataaattaaccctcaggcatatttaagttttcttgtctttattatattt 3217 

ttaaaaatgaaattggtctctttattgttaacctaaatttatctttgatgttaaaaatag 3277 

ctgtggaaaa 3297 

FIG. 10B 
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TRANSGENICALLY PRODUCED 
ANTITHROMBIN in 

This application is a continuation of U.S. Ser. No. 
08/391,743, filed Feb. 21, 1995, now U.S. Pat. No. 5,843, 
705, the contents of which is incorporated herein by refer- 
ence. 

BACKGROUND OF THE INVENTION 

A growing number of recombinant proteins arc being 
developed for therapeutic and diagnostic applications; 
however, many of these proteins may be difScult or expen- 
sive to produce in a functional form in the required quan- 
tities using conventional methods. Conventional methods 
involve inserting the gene responsible for the production of 
a particular protein into host cells such as bacteria, yeast, or 
mammalian cells, and then growing the ceUs in culture 
media. The cultured cells then synthesize the desired pro- 
tein. Traditional bacteria or yeast systems may be unable to 
produce many complex proteins in a functional form. While 
mammalian cells can reproduce complex proteins, they are 
generally difficult and expensive to grow, and produce only 
mg/L quantities of protein. 

The application of transgenic technology to the commer- 
cial production of recombinant proteins in the milk of 
transgenic animals offers significant advantages over tradi- 
tional methods of protein production. These advantages 
include a reduction in the total amount of required capital 
expenditures, elimination of the need for capital commit- 
ment to build facilities early in the product development life 
cycle, and lower direct production cost per unit for complex 
proteins. Of key importance is the likelihood that, for certain 
complex proteins, transgenic production may represent the 
only technologically and economically feasible method of 
commercial production. 

Antithrombin III (ATI II) is a serine protease inhibitor 
which inhibits thrombin and the activated forms of factors 
X, VII, IX, XI, and XII. It is normally present in serum at 
levels of 14-20 mg/dL. Decreased levels of ATlll may be 
found in the serum of individuals who have either a heredi- 
tary deficiency of ATIII or an acquired deficiency, which can 
result from a number of pathologic conditions. The conven- 
tional treatment for hereditary ATIII deficiency is protein 
replacement therapy, which may also be effective in treating 
some acquired deficiencies. 

Current methods of obtaining ATIII involves isolating the 
protease inhibitor from blood plasma. However, the use of 
plasma-based ATIII presents various problems due to the 
many components in plasma, including: variation between 
lots; immunogenicity problems; and biohazardous risks due 
to viral contamination. 

A need exists to develope a method to produce ATIII 
without the inherent problems of the present process. 

SUMMARY OF THE INVENTION 

This invention relates to transgenically produced human 
Antithrombin III (tgATlII). The human ATIII (hATIII) pro- 
duced by the transgenic process of the present invention has 
a monosaccharide composition which comprises 
N-acetylgalactosamine (GalNAc) along with fucose, 
N-acetylglucosamine, galactose, mannose, and 
N-acetyineuraminic acid/N-glycolyneuraminic acid. The 
monosaccharide composition differs with that of human 
plasma derived ATIII (phATIII). It has been found that 
tgATIIl has an increased clearance rate when compared to 
phAHII. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a chromatograph comparing the HPLC profile of 
the tgATIIl of the present invention and plasma derived 

5 

FIG. 2 is a photograph of a SDS page gel showing a 
greater than 98% purity of tgATIIl. 

FIG. 3 illustrates that the disulfide cross-linking between 
phATIII and the tgATHI. The peaks labelled with the arrows 
10 are the peaks containing disulfide cross-linked peptides. 

FIG. 4 shows the individual equivalent peptides of 
tgATIIl and phATIII by mass spectrometry. 

FIG. S illustrates the mass spectrometry data for one of 
the individual glycopeptide residues from plasma derived 
15 ARIL 

FIG. 6 shows the mass spectrometry data for the same 
glycopeptide residue as shown for FIG. 5, but for tgATIIl. 

FIG. 7 illustrates the sialic acid composition of human 
20 Ann, goat Ann, tgAnil, and transgenic mouse ATIII 
(tmATIII). 

FIG. 8 shows a graph comparing the clearance rate of 
phATIII and tgATIIl in mice. 

FIG. 9 shows a graph comparing the clearance rate of 
25 phATIII and tgATIIl in monkey. 

FIGS. 10a and 10b depict the nucleotide sequence and the 
corresponding amino acid sequence of human antithrombin 

in. 

30 DETAILED DESCRIPTION OF THE 

INVENTION 

This invention is based upon the discovery that hATIII 
produced by the transgenic method of the present invention 
is structurally different than ATIII extracted from plasma 
■'^ (phATIII). The monosaccharide composition of the trans- 
genically produced ATIII (tgATIIl) differs in the composi- 
tion and the quantity when compared to plasma derived 
ATIII. In particular, the lycpsylation sites on the tgATIIl 
vary considerably in contrast to phATIII which are all 
uniform. 

Exemplification 
Generation of the Gene Construct 
A mammary gland -specific transgene was constructed by 

45 inserting the human Antithrombin HI (hATIII) cDNA into 
the caprine beta casein gene (CSN2). The caprine beta 
casein gene was cloned as an 18.5 Kb fragment in a lambda 
EMBL3 vector (Roberts, et al„ Gene., 1992. 121: p. 
255-262). The 6.2 Kb promoter (including exon 1 and part 

50 of exon 2) was fused to the hATIII cDNAto direct high level 
mammary gland -specific expression. A 7.2 Kb 3* flanking 
region (including part of exon 7, exon 8, and exon 9) was 
added to the 3* end of the hATIII cDNA to help stabilize the 
expression levels. The 14.95 Kb transgene was excised from 

55 bacterial sequences and injected into goat embryos for the 
production of hATIII in goats' milk. 
Identification of Gene Coding for the Protein of Interest 

The hATIII cDNA was received from Dr G. Zettimeipi 
(Behringwerke A. G., Marburg, Germany) in the plasmid 

60 pBAr6. The sequence of the cDNA is the same as that 
published by Bock, et al. Nucleic Adds Research, 1982. 10: 
p. 8113-8125, except for the silent nucleotide changes at bp 
1096 (T-C) and bp 1417 (A-G). 
Identification of Regulatory Sequences of Interest 

65 To direct high level tissue -specific expression of hATIII to 
the mammary gland of transgenic goats, the goat betascasein 
gene was cloned from a lambda EMBL3 goat genomic 
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library. The goat beta casein gene is a mammary gland- 
specific gene which directs expression of high levels of beta 
casein into the milk. In goats, beta casein is thought to 
comprise 25-50% of the total milk proteins (-10-20 
mg/ml). The goat beta casein gene was cloned from a Saanen 
goat genomic library and characterized in transgenic mice as 
described in Roberts, et aL, 1992. 
Cloning DNA Fragments 

High molecular weight goat DNA was isolated from a 
Saanen goat blood sample according to the procedure 
described by Herrmann and Frischauf, Methods 
Enzymology, 1987. 152: p. 180-183. The genomic DNA 
was partially digested with Mbol and ligated into BamHI 
cleaved lambda EMBL3 phage arms (Stratagene, La Jolla, 
Calif.) by standard methods (Maniatis et al.. Molecular 
Cloning, A Laboratory Manual, 2d, Cold Spring Harbor 
Laboratory Press, 1989). The Saanen goat genomic library 
consisted of 1.2x10^ recombinant phage and was used to 
isolate the goat beta casein gene. The goat genomic library 
was screened using a 1.5 Kb Hindlll/Tthllll fragment 
encoding the entire mouse CSN2 cDNA (Yoshimura, et al., 
Nucleic Acids Res., 1986. 14: p. 8224) and three overlap- 
ping clones were identified. The three overlapping clones 
were designated EMBL 3-7, 3-8, and 3-11. Only clone 
3-11 contained the entire goat beta casein gene and was used 
for all future analysis and vector construction (Roberts, et 
al., 1992), 

Characterization of Cloned Material 

The goat beta casein gene was isolated as an 18.5 Kb 
fragment in lambda EMBL3 phage clone designated 
EMBL3-U (Roberts, et al., 1992). The fragment contains 
4.2 Kb of 5' flanking region, exons 1 through 9, and 5.3 Kb 
of 3' flanking sequence. The gene was subcloned into pUC19 
or pGEM3Z vectors. The subclones were sequenced by 
Sanger dideoxy sequencing to verify all intron/exon bound- 
aries and the sequence is shown in SEQ. ID. No.: 1. All 
sequences are deposited with GenBank (accession Nos. 
M90556, M90557, M90558, M90559, M90560, M90561, 
and M90562). 

Assembly and Characterization of the Gene Construct. 

The beta casein hATIlI transgene was constructed to 
resemble as accurately as possible the intact goat beta casein 
gene. The, vector was 14.95 Kb in length with 4.2 Kb of 5* 
flanking sequence and 5.3 Kb of 3' flanking sequence. The 
vector was engineered with three introns between exons 
1-2, 7-8, and 8-9 to allow for splicing of the transcript. The 
introns were added to increase expression of the transgene 
(Brinster et al, Proc. Natl. Acad. Sci. USA., Devel. Biol. 85, 
pp .836-840, 1988.) and the 3' flanking sequence to decrease 
chromosomal position effects. 

To aUow for the cloning of various inserts, the beta casein 
promoter and 3' flanking region were reassembled from the 
subclones with unique restriction sites in exon 2 and exon 7. 
To remove the initiator methionine of the goat beta casein, 
the plasmid Bcl06 was digested with the restriction enzyme 
Taql. The TaqI site restricts the plasmid Bcl06 six nucle- 
otides upstream of the initiator methionine (Taql site marked 
with FIG. 10). Following digestion with Taql, the ends 
were filled in with Klenow DNA polymerase and a BamHI 
linker ligated into place. The ligation mixture was extracted 
with phenol-chloroform, chloroform-isoamyl alcohol, and 
ethanol precipitated as described in Maniatis, et al., 1989. 
The DNA was resuspended in digestion buffer and digested 
with EcoRI and BamHL The resulting 1.5 Kb fragment was 
gel purified and ligated into pUC to form the plasmid Bel 50. 
The entire available 5' region of the beta casein gene was 
constructed by sequential addition of fragments contained in 
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the subclones Bcl04, Bcl47, and Bel 03. The orientation of 
the Bcl47 clone was verified by restriction mapping. The 
replacement of the 2.6 Kb Xbal fragment with the Xbal 
fi'agment from Bcl47 was needed to replace a 31 bp deletion 

5 in the promoter between adjacent EcoRI restriction sites. To 
allow for the addition of the human antithrombin IH cDNA , 
the BamHI site on the 3* end of Be 11 3 was converted to an 
Xhol site to form Bcll4. 
The 3' end of the goat beta casein gene was constructed in 

10 a similar fashion to the 5' end. The 1.8 Kb Bcl07 clone was 
restricted with PpuMI to allow for the addition of a BamHI 
hnker. The BamHI site was placed in exon 7 to include the 
intron between exons 7 and 8. The BamHI site is seven 
amino acids 5' to the termination of the goat beta casein 

15 mRNAbut will have no effect on the hATIII since the cDNA 
for ATIII contains a termination signal. The BamHI/Hindlll 
fi'agment spanning exon 7 from Bcl07 was Hgated into the 
vector Be 109 which contained the extreme 3' Hindlll/Sall 
fragment to form Bcl65. Tho 3* end was completed by the 

20 addition of the 4.4 Kb Hindlll fragment from Bcl08 to form 
the vector Bel 18. The orientation of Hindlll fragment from 
BclOS was verified by restriction mapping. To allow for the 
addition of the hATIU cDNA, the 5' BamHI site in the vector 
Be 11 8 was changed to Xhol and the 3' Sail was converted 

25 to NotI to form Bcl22. 

In order to clone the entire hATIII cDNA into the goat 
beta casein expression vector, the 5' EcoRI restriction site 
was converted to an Xhol site using site-directed mutagen- 
esis. The new vector designated pAT7 was sequenced to 

30 confirm the addition of the Sail site and the absence of any 
nucleotide changes in the 5' end. The hATIII cDNA was 
isolated as a 1.45 Kb Xhol/Sall fragment for cloning into the 
beta casein expression vector. 

The 1.45KB Xhol/Sall hATBI cDNA was first ligated into 

35 Xhol digested Bcll4 and Bcl22 to form Bcl43 and Bcl44, 
respectively. The orientation of the cDNA was confinned by 
sequencing and restriction analysis. The unique Sacll 
restriction in the hATIII cDNA allows for the directional 
cloning of the intact goat beta casein hATIII vector. The 

40 complete transgene was assembled by ligating the Sall/Sacl 
fragment from Bcl43 into a Sall/Sacll digested Bcl44. The 
5' and 3' junction of the hATIII cDNA were confirmed by 
sequencing to ensure no mutations had occurred. The final 
vector (Bc6) was 14.95 Kb in length and contained 4.2 Kb 

45 of 5* flanking region, exon 1, intron 1, part of exon 2, the 
1.45 Kb human AT III cDNA, part of exon 7, intron 7, exon 
8, intron 8, exon 9, and 5.3 Kb of 3' flanking sequence. The 
transgene was excised from the pUC backbone by digestion 
with Sall/Notl. The Bc6 transgene directs mammary specific 

50 expression of an approximately, 1.5 Kb hATlII-goat; beta 
casein hybrid mRNA containing the 5* and 3* untranslated 
regions of the goat beta casein mRNA and coding region of 
the hATIII mRNA. 

Testing and Characterization of Gene constructs 
55 Transgene constructs are generally tested in a mouse 
model system to assess their ability to direct high levels of 
expression and their ability to express in a tissue-specific 
manner. 

The Bc6 transgene was prepared for microinjection by 
60 digestion of the Bc6 plasmid with Sall/NotI, removal of the 
bacterial sequences by TAE agarose gel electrophoresis 
followed by banding of the transgene on a cesium chloride 
gradient according to Lacy, et al., A Laboratory Manual, 
1986. Cold Springs Harbor Laboratory, NY. <The 14.95 Kb 
65 transgene was then microinjected into mouse embryos to test 
the ability of the goat beta casein promoter to direct high 
level expression of recombinant human Antithrombin III 
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(rhAnil) into the milk. Seventeen transgenic mouse lines containing 5% CO^ in air until the pronuclei became visible 

were generated as determined by Southern analysis. One (Selgrath, et al.,Theriogenology, 1990. p. 1195-1205). 

mouse line showed a level of expression of rhAT 111 of Microinjection FVocedure 

0.7-1.0 mg/ml as determined by Western blot analysis and One-cell goat embryos were placed in a microdrop of 
a thrombin inhibition assay. Based on expression results and 5 medium under oil on a glass depression slide. Fertilized eggs 
data collected from other ongoing mouse and goat having two visible pronuclei were immobilized on a flame- 
experiments, the Bc6 transgene was microinjected into goat polished holding micropipet on a Zeiss upright microscope 
embryos for production of transgenic goats. with a fixed stage using Normarski optics. A pronucleus was 
Generation and Characterization of Transgenic Animals microinjected with the Bc6 DNA construct in injection 
A founder (Fq) transgenic goat is defined as a viable lO buffer (Tris-EDTA) using a fine glass microneedle (Selgrath, 
transgenic animal resulting from embryo transfer of fertil- et al., Theriogenology, 1990. p. 1195-1205). 
ized goat eggs that have been microinjected with a specified Embryo Development: 

construct (8c6). Four founder Bc6 goats were produced. The After microinjection, the surviving embryos were placed 

general methodologies that follow in this section were used in a culture of Ham's F12 containing 10% FBS and then 

to generate all transgenic goats. 15 incubated in a humidified gas chamber containing 5% COj 

Goal Species and Breeds: in air at 37° C. until the recipient animals were prepared for 

The transgenic goats produced for ATllI production are of embryo transfer (Selgrath, et al., Theriogenology, 1990. p. 

Swiss origin, and are the Alpine, Saanen, and Toggenburg 1195-1205), 

breeds. Preparation of Recipients: 

Goat Superovulation: 20 Estrus synchronization in recipient animals was induced 

The timing of estrus in the donors was synchronized on by 6 mg norgestomet ear implants (Syncromate-B). On Day 

Day 0 by 6 mg subcutaneous norgestomet ear implants 13 after insertion of the implant, the animals were given a 

(Syncromate-B, CEVA Laboratories, Inc.. Overiand Park, single non-superovulatory injection (400 I.U.) of pregnant 

Kans.). Prostaglandin was administered after the first seven mares serum gonadotropin (PMSG) obtained from Sigma, 

to nine days to shut down the endogenous synthesis of 25 Recipient females were mated to vasectomized males to 

progesterone. Starting on Day 13 after insertion of the ensure estrus synchrony (Selgrath, et al., Theriogenology, 

implant, a total of 18 mg of follicle-stimulating hormone 1990. p. 1195-1205). 

(FSH-Schering Corp., Kenilworth, NJ.) was given intra- Embryo Transfer: 

muscularly over three days in twice-daily injections. The All embryos from one donor female were kept together 

implant was removed on Day 14. Twenty-four hours fol- 30 and transferred to a single recipient when possible. The 

lowing implant removal the donor animals were mated surgical procedure was identical to that outlined for embryo 

several times to fertile males over a two-day period collection outlined above, except that the oviduct was not 

(Selgrath, et al., Theriogenology, 1990. pp. 1195-1205). cannulated, and the embryos were transferred in a minimal 

Embryo Collection: volume of Ham's F12 containing 10% FBS into the oviduc- 

Surgery for embryo collection occurred on the second day 35 tal lumen via the fimbria using a glass micropipet. Animals 

following breeding (or 72 hours following implant removal). having more than six to eight ovulation points on the ovary 

Superovulated does were removed from food and water 36 were deemed unsuitable as recipients. Incision closure and 

hours prior to surgery. Does were administered 0.8 rag/kg post-operative care were the same as for donor animals 

Diazepam (Valium®), IV, followed immediately by 5.0 (Selgrath, et al, Theriogenology, 1990. p. 1195-1205). 

mg/kg Ketamine (Keteset), IV. Halothane (2.5%) was 40 Monitoring of Pregnancy and Parturition: 

administered during surgery in 2 L/min oxygen via an Pregnancy was determined by ultrasonography 45 days 

endotracheal tube. The reproductive tract was exteriorized after the first day of standing estrus. At Day 110 a second 

through a midline laparotomy incision. Corpora lulea, ultrasound exam was conducted to confirm pregnancy and 

unruptured follicles greater than 6 mm in diameter, and assess fetal stress. At Day 130 the pregnant recipient doe 

ovarian cysts were counted to evaluate superovulation 45 was vaccinated with tetanus toxoid and Clostridium C&D. 

results and to predict the number of embryos that should be Selenium and vitamin E (Bo-Se) were given IM and Iver- 

collected by oviductal flushing. A cannula was placed in the mectin was given SC. The does were moved to a clean stall 

ostium of the oviduct and held in place with a single on Day 145 and allowed to acclimatize to this environment 

temporary ligature of 3.0 Prolene. A 20 gauge needle was prior to inducing labor on about Day 147. Parturition was 

placed in the uterus approximately 0.5 cm from the utero- 50 induced at Day 147 with 40 mg of PGFja (Lutalyse®) 

tubaljunction. Ten to twenty ml of sterile phosphate buffered purchased from Upjohn Company, Kalamazoo Mic. This 

saline (PBS) was flushed through the cannulated oviduct and injection was given IM in two doses, one 20 mg dose 

collected in a Petri dish. This procedure was repeated on the followed by a 20 mg dose four hours later. The doe was 

opposite side and then the reproductive tract was replaced in under periodic observation during the day and evening 

the abdomen. Before closure, 10-20 ml of a sterile saline 55 following the first injection of Lutalyse® on Day 147. 

glycerol solution was poured into the abdominal cavity to Observations were increased to every 30 minutes beginning 

prevent adhesions. The linea alba was closed with simple on the morning of the second day. Parturition occurred 

interrupted sutures of 2.0 Polydioxanone or Supramid and between 30 and 40 hours after the first injection. Following 

the skin closed with sterile wound clips. delivery the doe was milked to collect the colostrum and 

Fertilized goat eggs were collected from the PBS oviduc- 60 passage of the placenta was confirmed, 

tal flushings on a stereomicroscope, and were then washed Verification of the Transgenic Nature of Fq Animals: 

in Ham's F12 medium (Sigma, St. Louis, Mo.) containing To screen for transgenic Fq animals, genomic DNA was 

10% fetal bovine serum (FBS) purchased from Sigma. In isolated from two different cefl lines to avoid missing any 

cases where the pronuclei were visible, the embryos were mosaic transgenics. A mosaic animal is defined as any goat 

immediately microinjected. If pronuclei were not visible, the 65 that does not have at least one copy of the transgene in every 

embryos were placed in Ham's F12 containing 10% FBS for cell. Therefore, an ear tissue sample (mesoderm) and blood 

short term culture at 37° C. in a humidified gas chamber sample were taken from a two day old Fq animal for the 
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isolation of genomic DNA (Lacy, et al., A Laboratory 
Manual, 1986, Cold Springs Harbor, NY; and Hemnann and 
Frischauf, Methods Enzymology, 1987. 152: pp, 180-183). 
The DNA samples were analyzed by the polymerase chain 
reaction (Gould, et al., Proc. Natl. Acad. Sci, 1989. 86:p. 5 
1934-1938) using primers specific for hATIIl and by South- 
em blot analysis (Thomas, Proc Nati. Acad. Sci., 1980. 
77:5201-5205) using a random primed hATIII cDNA probe 
(Feinberg and Vogelstein, Anal. Bioc, 1983. 132: pp. 6-13). 
Assay sensitivity was estimated to be the detection of one 10 
copy of the transgene in 10% of the somatic cells. 
Generation and Selection of Production Herd 

The procedures described above were utilized for produc- 
tion of the transgenic founder (Fq) goats, as well as other 
transgenic goats in our herd. The transgenic Fq founder 
goats, for example, were bred to produce milk, if female, or 
to produce a transgenic female ofikpring if it was a male 
founder. 

This transgenic founder male, was bred to non-transgenic 
females, and produced transgenic female oflfepring. 
Transmission of Transgene and Pertinent Characteristics 

Transmission of the Bc6 transgene in our goat line was 
analyzed in ear tissue and blood by PCR and Southern blot 
analysis. For example. Southern blot analysis of the founder 25 
male and the three transgenic ofkpring showed no rear- 
rangement or change in the copy number between genera- 
tions. The Southern blots were probed with the 1.45 Kb 
ATIII cDNAand a 0.38 Kb probe corresponding to goat beta 
casein exon 7. The blots were analyzed on a Betascope 603 
and copy number determined by comparison of the trans- 
gene to the goat beta casein endogenous gene. 
Evaluation of Expression Levels 

The expression level of rhATIII in the milk of transgenic 
animals is determined using a thrombin inhibition assay, 
which measures the inhibition of thrombin's ability to 
remove a small peptide from an artificial substrate (S2238, 
Kabi, Franklin Ohio). The basis for this assay is described as 
follows. The interaction between ATIII and thrombin 
amounts to rapid irreversible inhibition of the protease by 
Ann in the presence of heparin. However, the interaction is 
very slow in the absence of heparin. Attempts to extend the 
range of ATIII detectable on a single standard curve reveal 
that ATIII can only be determined accurately in stoichio- 
metric titration across the linear range of standard curves. At 
low total thrombin concentration (0.7x1 0^**M), the effective 
measuring range for ATIII is 0.15-O.75xl0-^M (-7.3-36.8 
ng/ml). At high total thrombin, the effective measuring range 
for AT III is 0.25 to 1.25xlO-^M (-12-60 ng/ml) if the data 
are fit with a first degree polynomial, and 0.25 to 2,5x1 0"**M 
('-12-120 ng/mi) if the data are fit with a second degree 
polynomial. 
AT III activity assay 

Materials: 

1. 12x75 mm Glass Tubes; 

2. Behring hATIII dilute to 0.5 mg/ml with diHjO 
(£0.i%280-0.72); 

3. Thrombin (100 unitsA'ial diluted to 1.82 m is with 0.1 
mg/ral BSA), purchased from Calbiochem, San Diego 60 
Calif.). Final Concentration 20 /<g/ml; 

4. Heparin (Sigma) from porcine intestinal mucosa 50 mg 
dissolved 5.0 mis diH^O. Final Concentration 10 mg/ml; 

5. Substrate (Kabi) S2238 25 mg diluted to 10 mis with 
diHjO; 65 

6. Dilution Buffer: 50 mM Tris, 150 mM NaQ, 0.1 mg/ml 
BSApH 8.1; 



7. Glacial Acetic Acid; 

8. Repeat Pipettor; and 

9. 37° C. circulating HjO bath. 
ASSAY SET-UP 

Dilution of Stocks: 

1. AT III stock to 1 ^g/ml: 20//1 Anil+980^1s dilution buffer 
then 100 ^1+900 ^1 dilution buffer; 

2. Heparin/Buffer: 12.5 //I Heparin+25 mis dilution buffer; 
and 

3. Thrombin stock: 1:10 dilution into dilution buffer (2.0 mis 
for a 30 tube assay). 

Standard Curve Set-Up 
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750 /d 


50 fd 
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40 /d 


750 fd 
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30 



35 



40 
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55 



1. Incubate the above at 37* C. for 15 minutes; 

2. Then add 100 fd of substrate to each tube using a repeat 
pipettor and incubate for 15 minutes at 3720 C; 

3. Stop with 50 fi\ of glacial acetic acid to each tube; and 

4. Read al 405 nm. Blank with 150 /<1 Buffer, 750 fil Heparin 
Buffer, 100 fi\ substrate and 50 jui Acetic add stopped al 
time zero (NOT INCUBATED). 

Calculations: Use a second order polynomial curve fil for the 
standard curve, plug A 405 nm readings into the equation. 
Divide by the volume of sample used in the assay tube in mis 
and multiply by the appropriate inverse dilution factor for 
the sample. 

Characterization of Human ATIII Produced in the Milk of a 
Transgenic Goat. 

TgAnil was purified from goat milk by adaptation of 
methods previously developed for extracting ATIII from 
mouse milk and human blood. Other more novel methods 
for separating proteins from milk are also in development. 
The method described is the earliest method that we utilized. 
Milk from one BC6 goat contained tgATIII at a concentra- 
tion estimated to be 0.08 mg/ml by ELISA. Other goals with 
much higher expression levels (4 to 6 mg/ml) were also 
developed and milk from those goats was purified using 
similar methods. Small scale purification was performed by 
the following method. 

ATII Purification Process 
ATIII Extraction/Clarification 
Thaw Milk 

Add an equal volume of 2M Arginine 

Centrifuge at 8000 rpm for 30 minutes and remove the fat 

pad on the top 
Filter through a 0.2 fim nominal polypropylene filter 
Dilute the conductivity to less than 20 mS/cm 

(approximately a 1/7 dilution) 
Expected step yield of AT III is ^295% 
Heparin-Hyper D™ Chromatography 
Equihbrate with 3 column volumes of 20 mM sodium 

phosphate, 50 mM NaCl, pH7.0 
Load, the target operational capacity is approximately 8 

mg of ATlII/mL of resin 
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TABLE 1 







mole sugar/mole protein 






Sample 


Fuc 


GalNAc GlcNAc Gal 


Man 


Sialic Acid 


phArni 


0.39 


0.00 20.70 11.74 


14.90 


11.80 


tAnii 


3.18 


2.39 14.75 6.44 


18.18 


5.21 



20 



25 



Wash with 4 column volumes of EquiUbration Buffer 
Step Elute with 4 column volumes of 20 mM sodium 

phosphate, 3.0 M NaCl, pH7.0 
Dilute with 9 volumes of 1.5 M sodium citrate 
Expected step yield of AT III is ^95% ^ 
Ether-PoroS™ 50 Chromatography 
Equilibrate with 3 column volumes of 1,40M sodium 

citrate, pH7.0 

Load, the target operational capacity is approximately 4 
mg of Anil/mL of resin 

Wash with 4 column volumes of Equilibration Buffer 

Step Elute with 4 column volumes of I.IOM sodium 
citrate, pH7.0 

Expected step yield of AT III is ^275% 
Ultrafiltration with Am icon YMIO Spiral Crossflow 

Concentrate to approximately 20 mg/mL (160 units/mL) 
and buffer exchange into 10 mM 

ammonium bicarbonate, pH 7,4. 

Expected step yield of AT III is ^95% 
Lyophilize 

Reconstitute into buffer of choice 

Expected step yield of ATIII is ^295% 
A sample of the concentrated pool was examined by SDS- 
PAGE (10% separating gel) with a human ATIII standard for 
comparison and estimation of purity. The purity is estimated 
to be >98% (see FIG. 2.). The UVA^is spectrum of tgAHII 
is indistinguishable (within experimental error) from that of 
plasma derived hATIII. N-terminal sequence analysis gave 30 
the predicted sequence for hATIII. Reversed phase HPLC 
analysis showed threepeaks compared to two peaks for 
plasma ATIII (FIG. 1). All three peaks were found to be 
ATIII by N-terminal sequence analysis. Peak#l is miniscule 
in the tgATIII and not apparent in the plasma derived ATIII. 35 
Peak 2 is present in both samples and varies with prepara- 
tions. Peak three is the predominant peak. Examination of 
specific peaks from FIG, 1 following digestion with lysylen- 
dopeptidase and separation by reverse phase HPLC to create 
peptide maps identified the presence of oxidized methionine 40 
residues in the two early small peaks of the tgATIII. The 
middle peak contained oxidized methionines mainly on a 
single peptide (K30 on table 2), whereas the earliest peak 
contained oxidized methionines on most of the peptides that 
contained methionine. TTie major peak did not contain any 45 
oxidized methionines as measured by the technique being 
used above. The presence of oxidized methionines on this 
Ann may be a function of the processing of the molecule 
following removal of the milk from the goat. 

Monosaccharide compositional analysis indicating the so 
amounts of fucose (Fuc), GalNac, N-Acetylglucosamine 
(GIcNAc), Galactose (Gal), Mannose (Man) and Sialic Acid 
is shown below in Table 1, 



plasma ATIII and tgATIII, 32 of the 35 predicted peptides 
were identified, including the three pairs of disulfide linked 
peptides. The disulfide cross-linking was identical in the 
plasma ATIII and the tgATIII as shown in the peptide maps 
of the non-reduced proteins (FIG. 3). The peaks labeled with 
the arrows are the peaks containing disulfide cross-linked 
peptides. These peaks have identical retention times for each 
disulfide crosslinked peptide pair of each protein. The 
remaining peaks on the maps are identical with the excep- 
tion of the glycosylated peptides. The maps of the reduced, 
pyridylethylated ATIII digests detail this variability more 
specifically. 

For reduced and pyridylethylated plasma and transgenic 
hAnil, 33 of the 35 predicted peptides were identified by 
LC/MS. Chromatograms of the plasma ATHI and the indi- 
vidual forms of the tgATIII can be seen in FIG. 4 with the 
identification of the individual equivalent peptides by mass 
spectrometry shown in Table 2 below. Again, all of the 
peptides are identical with the exception of the glycosylated 
peptides. 

TABLE 2 

LC/MS ANALYSIS of ATin PEPTTDE MAPS 
THEORETICAL 
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Lysylendopeptidase maps of plasma derived hATIII and 
tgATIII have been analyzed by liquid chromatography/mass 
spectrometry (LC/MS) to compare the amino acid backbone 
structure, the glycosylation profile and to confirm the iden- 
tity of the disulfide linked peptides. For non-reduced human 



PEPTIDE 


RESIDUES 


MASS 


phATUI 


tgAHU 


Kl 


1-11 


1232.4 


1232.0 


1232.3 


K2 


12-28 


2152.6 


2152.6 


2152.3 


K3 


29-29 


146.2 


ID 


ID 


K4 


30-39 


1093.1 


1092.9 


1092.8 


KS 


40-53 


1699.0 


1698.7 


1698.7 


K6 


54-70 


1957.1 


1956.9 


1956.9 


K7 


71-91 


2299.6 


2299.3 


2299.4 


KS 


92-107 


GP 


GP 


GP 


K9 


108-114 


838.9 


838.7 


838.7 


K20 


115-125 


1340.5 


1340.3 


1340.2 


Kll 


126-133 


1170.5 


1170.1 


1170.1 


K12 


134-136 


GP 


GP 


GP 


K13 


137-139 


320.4 


ND 


ND 


K14 


140-150 


1219.4 


1219.1 


1219.4 


K15 


151-169 


GP 


GP 


GP 


K16 


170-176 


860.0 


860.2 


860.0 


Kl? 


177-188 


1330.4 


1330.4 


1330.2 


K18 


189-193 


GP 


GP 


GP 


K19 


194-222 


3248.8 


3248.8 


3248.8 


K20 


223-226 


502.6 


502.9 


502.8 


K21 


227-228 


233.3 


ND 


ND 


K22 


229-236 


978.1 


978.1 


977.9 


K23 


237-241 


698.8 


698.5 


698.6 


K24 


242-257 


1799.0 


1798.8 


1798.9 


K25 


25&-275 


2209.6 


2209.3 


2209.6 


K26 


276-287 


1314.6 


ID 


ID 


K27 


288-290 


372.4 


ID 


ID 


K28 


291-294 


417.5 


417.3 


417.5 


K29 


295-297 


374.5 


374.2 


374.2 


K30 


298-332 


4261.0 


4261.1 


4260.9 


K31 


33^348 


1849.1 


1849.0 


1848.9 


K32 


349-350 


233.3 


ID 


ID 


K33 


351-370 


2202.5 


2202.5 


2202,2 


K34 


371-403 


3448.9 


3448.7 


3448.7 


K35 


404-432 


3421.2 


3421.2 


3421.2 


K3-4 


29-39 


1221.3 


1221.4 


1221.1 


K26-27 


276-290 


1669.0 


1668.8 


1668.9 


K32-33 


34^370 


2417.7 


2417.5 


2417.6 



GP - Glycopcptide 

ND = Not detected (m^ 2+ below scan range) 
ID - lacomplclc digestion product 
phAmi - Human Plasma ATIII 
tgAnil - Transgenic (goal) Human ATIII 

The glycopeptide peak retention times (glycopeptide 
peaks are labeled with K#'s on FIG. 4) did not vary 
significantly from those of the plasma derived protein, but 
the chromatograms show that peak widening and peak 
splitting did occur due to the variability in the oligosaccha- 
ride residues attached to the glycopeptides. 
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Based on the LC/MS, peptide mapping, and carbohydrate 
composition data, the only differences observed between the 
tgATIII and the plasma derived h ATI 11 arise due to the 
different patterns of ggycosylation. Despite the presence of 
N- Acetylgalactosamine (GalNAc) in the monosaccharide 
analysis, no 0-linked glycosylation was present on the 
transgenic protein, suggesting the presence of oligosaccha- 
rides different than found on the plasma derived human 
Anil. 

The major glycoform at each glycosylation site of the 
plasma derived (pATIII) is a complex type oligosaccharide 
and has a mass corresponding to HexNAc4, Hex5, NANA2 
which is in agreement with the reported structure GIcNAc4, 
Man3, Gal2, NANA2. With the exception of Asn^jj, located 
on K15, the major glycoforms on tgATIII contain oligosac- 
charides of the complex type. The major glycoform at each 
of the complex oligosaccharide containing sites on tgATIII 
has a mass corresponding to HexNAc4, Hex6, NANAl 
which is in agreement with the structure GIcNAc4, Fuel, 
Man3, Gal2, NANAl with the second most abundant form 
being the disialylated form of the same structure, HexNAc4, 
Hex6, NANA2 which is in agreement with the structure 
GlcNAc4, Fuel, Man3, Gal2, NANA2 

TgATIII contains 'a significant amount of oUgomannose 
type and hybrid forms at Asnj55 and only a very low level 
of hybrid structures at the other locations. OUgomannose 
type structures are more primitive structures that are remod- 
eled into the complex type oligosaccharides in the endo- 
plasmic reticulum, Oligomannose structures display masses 
ranging from Hex5 to HexNAc2, Hex9. These values agree 
with structtu-es comprised of 5 up to GlcNAc2, Man9, with 
only the number of mannose residues varying. Hybrid 
oligosaccharides contain elements of complex oligosaccha- 
rides on one antenna of an individual glycosylation site and 
components of oligomannose type oligosaccharides on the 
other antenna. The N-linked glycosylation for tgATIII was 
much more heterogeos than phATIlI, with a higher degree of 
fucosyation and more varied sialylation (Table 3). Several 
glycoforms with a mass difference of 41 were observed by 
LC/MS which can be accounted for by the substitution of a 
Hexose residue by a HexNAc (Tables 4). In view of the 
monosaccharide composition (Table 1) and the lack of 
0-linked glycosylation (based on comparison of the 
observed vs theoretical mass for all peptides other than those 
containing an N-linked site) this could be accounted for by 
the substitution of one or more galactose residues by 
GalNAc . This result was confirmed by fragmentation 
analysis mass spectroscopy of isolated glycopeptides. FIG. 
5 is an example of the mass spectrometry data for one of the 
individual glycopeptide residues from phATIIL It's pattern 
is fairly simple. In contrast, FIG, 6 is an example of the same 
glycopeptide from tgATIII. The increased complexity of the 
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pattern is obvious, and can be deciphered into specific 
structures as described above. 

Several glycoforms with mass differences of 16 mass 
units were also identified. The difference is explained by the 

5 presence of an oxidized form of sialic acid, 
N-Glycolylneuraminic acid (NGNA) in place of 
N-Acetybeuraminic acid (NANA). NGNA is a common- 
form of sialic acid found in goats. Approximately 25% of the 
sialic acids found in tgATIII are NGNA, Approxniately 25% 
of goat plasma ATIII sialic acid is NGNA (FIG. 7). 

Thus, we have determined that; (1) one of the four 
glycosylation sites on tgATIII has mainly high mannose 
(oligomannose) and hybrid type oligosaccharide structures, 
whereas the ph ATIII has biantenarry, complex oligosaccha- 
rides on each of the four sites; (2); the complex oligosac- 
charides of tgATIII are not fully sialylated, whereas the 
phATin oligosaccharides are fully sialylated; (3) the tgATIII 
has a percentage of its sialic acid that is NGNA whereas the 
phATIII has only NANA; and ((4) tgATIII contains 
N-acetylgalactosamine on its N-linked oligosaccharides and 

20 the phATIII does not; and (5) the tgATIII has fucose on its 
proximal GIcNAc on each of the three sites having complex 
oligosaccharides, whereas the phATIII has only a very small 
amount of fucose on any site. 
The tgATIII exhibits a faster clearance time in rabbits, 

^ mice and monkeys than does phATIII. Twenty ug samples of 
test ATIII was injected via the tail vein and residual ATIII 
determined using an ELISA assay which has little cross 
reactivity with mouse ATIII. The pattern shown in FIG. 8 for 
clearance in mice mimics the pattern found for the same 
materials in rabbits. The clearance appears to be bimodal 
and is approximately 10 times faster than for hATIII. In vivo 
clearance was also examined in a monkey model system. 
Both trace and high levels of radioiodinated ATIII were 
injected and detected in plasma samples by counting in a 
gamma counter. The clearance pattern of tgATIII in mon- 
keys indicated only a 4 to 5-fold faster clearance (FIG. 9) 
from the circulation than the phATIII and could also be 
defined by a biphasic mechanism. 

Early experiments indicate that the tgATIII may have a 
stronger afiBnity for heparin than the phATIII. This would be 
important since ATIII inhibits thrombin at inflamation or 
injury sites binding to heparan sulfate in the endothelial 
layer to the vasculature. Once bound its aflSnity for thrombin 
is enhanced 1000 fold and it binds to and irreversibly 

45 inhibits thrombin. 

Equivalents 

Those skilled in the art will recognize, or be able to 
ascertain, using no more than routine experimentation, many 
50 equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be 
encompassed by the following claims: 



SEQUEWCE LISTING 



(1) GEKERAL INFORMATION: 



(iii) NUMBER OF SEQUENCES: 2 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3515 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPEi DNA (genomic) 
(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSEt YES 
(V) FRAGMENT TYPE: N-terrainal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

AGAATTTACC CCAAGATCTC AAAGACCCAC TGAATACTAA AGAGACCTCA TTGTGGTTAC 60 

AATAATTTGG GGACTGGGCC AAAACTTCCG TGCATCCCAG CCAAGATCTG TAGCTACTGG 120 

ACAATTTCAT TTCCTTTATC AGATTGTGAG TTATTCCTGT TAAAATGCTC CCCAGAATTT 180 

CTGGGGACAG AAAAATAGGA AGAATTCATT TCCTAATCAT GCAGATTTCT AGGAATTCAA 24 0 

ATCCACTGTT GGTTTTATTT CAAACCACAA AATTAGCATG CCATTAAATA CTATATATAA 300 

ACAGCCACTA AATCAGATCA TTATCCATTC AGCTTCTCCT TCACTTCTTC TCCTCTACTT 36 0 

TGGAAAAAAG GTAAGAATCT CAGATATAAT TTCAGTGTAT CTGCTACTCA TCTTTATTTT 420 

GGACTAGGTT AAAATGTAGA AAGAACATAA TTGCTTAAAA TAGATCTTAA AAATAAGGGT 480 

GTTTAAGATA AGGTTTACAC TATTTTCAGC AGATATGTTA AAAAATAGAA GTGACTATAA 540 

AGACTTGATA AAAATTATAG GTGACTGCAA TTTTTGCCAT GAGGTTTGCA GGATCTTGGT 600 

TCCCTGACCA GGGATCAAAC CTGCACTCCC CTGGAAGCAT GGAGTCTTGG ACATTTGTAT 660 

TATACACTAT CTTTGGTTCC TTTTAAAGGG AAGTAATTTT ACTTAAATAA GAAAATAGAT 720 

TGACAAGTAA TACGCTGTTT CCTCATCTTC CCATTCACAG GAATCGAGAG CCATGAAGGT 780 

CCTCATCCTT GCCTGTCTGG TGGCTCTGGC CATTGCAAGA ACAAAGAGGT AAATACAGAA 84 0 

AAAATGTTGA AATAATAGAC TAGTACTGTC TGCCTATGTG TAGAAATCAC ATTACCAACA 900 

TCATAAATGT ATAAATAATG CACAATCTCA GATTTATTTT TTAATGCTAA GAAAGTCATT 960 

TATGTTCATC CACTATCTCA ACAGTATCCT ATAGGACCAC AACTCTGGGT CAAGTGCTTT 1020 

CTATAGTATT GTACCATCTG TACCATCAAT TCCTAAAGAA AAAGGAAAAG AAACCAATAA 1080 

GCAACAGACC AACAAGAAGG AACACAGACA AGAACAAAAA ATGAGTAATA TTGTACAAAT 114 0 

ACAATTGCAC GCTGCAGGAA CTAAAGTGTT TTTTTTTCTC TCTCTTTTTA GCAGGAAGAA X200 

CTCAATGTAG TCGGTGAGGT AAGATGATTT TTATACAAAG AAAAAAATTA ATTTAACTGT 1260 

AAAATAGTAA CAGACTCTGA TGATCTAGCA GAAAACTCAG CTAATTGTCA ATTTTTATTT 1320 

TTCCTTTATA GACTGTGGAA AGCCTTTTCA AGCAGTGAGG TAAGATAATG TTCATTCAGA 1380 

GGCAATTTCC CAGATTTAGA GCAATAAAAC ACTGTATTAT CTTTTTGTGT TACATTAATT 1440 

GGCAACCCAC TCCAGTACTC TTGACAAATA TGAATTTTTC TTTAAAGCTA AACCTGATTT 1500 

TATTTTTATT TTTCCAAAGG AATCTATTAC ACACATCAAT AAGGTAAAAC CTTCATATTT 1560 

AAACGTATCA TTTTTAAAAA TTTCATGTTT GATTTTTATA AACAGCATTT CTTTATGTGT 1620 

GATTTTTTTT TTTACCAGAA AATTGAGAAG TTTCAAAGTG AGGAACAACA GCAAACAGAG 168 0 

GTAATTTGTT TCACTATGAG TATATTTTGA GAAGTATTAT GAAACATAAC ACATAAAAGA 174 0 

TTTATAATAA TTATGTTCAG TCTAAGAATG GTAATATAAG TGTCAGTGTA AGAAATGAAA 180 0 

ACTTTGACAA AATGAAAATA TTTTAAAGAT AGAAACACAT TTTTAAACAC ATAATCAAAT 1860 

TTCAGAGTAT AGAATAAATA CCCAAGAATA ACTACTGGTA TATTCATTTT ACTAATGGTA 1920 

TACCTGGCTT TAATAAATGC ATATTAGTAG GAACAATTCC AGACTAGGGA CTGTGATCCC 1980 
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CTTATTCTAA TGATGGATAT GCTGATGAAA GACAGTAGGG TGACAGTGTG GCACTAATCC 2040 

TAATAAATGG AAGATTTTCT TTCTCTCTCT TCACTGAATT ATGTTTTAAA AAGAGGAGGA 2100 

TAATTCATCA TGAATAACAA TTATAACTGG ATTATGGACT GCAAAGGCAT TGGTTTTCCT 2160 

TCTTTCCAGG ATGAACTCCA GGATAAAATC CACCCCTTPG CCCAGGCACA AAGTCTCTAG 2220 

TCTATCCCTT CACTGGGCCC ATCCCTAACA GCCTCCCACA AAACATCCTG CTGCTCTTAC 2280 

TCAAACCCCT GTGGTGGTGC CGCCTTTCCT TCAGCCTGAA ATAATGGGAG TCCTTGCCAA 2340 

AGTGAAGGAG ACTATGGTTC CTAAGCACAA AGAAATGCCC TTCCCTAAAT ATCCAGTTTG 2400 

AGCCCTTTAC TGAAAGCCAG AGCCTGACTC TCACTGATGT TGAAAAGCTG CACCTTCTTT 2460 

CTCTGCCTCT GGTCCAGTCT TGGATGCACC AGCCTCCCCA GCCTCTTTCT CCAACCGTCA 2520 

TTGTTTCCTC CTCAGTCCGT GCTGTCCCTT TCTCAGCCCA AAGTTCTGCC TGTTCCCCAG 2580 

AAAGCAGTGC CCCAGAGAGA TATGCCCATC CAGGCCTTTC TGCTGTACCA GGAGCCTGTA 2640 

CAATTGGTCC TGTCCGGGGA CCCTTCCCTA TTCTTGTAAG TCTAAATTTA CTAACTGTGC 2700 

TGTGGTTAAC TTCTGATGTT TGTATGATAT TTGAGTAATT AAGAGCCCTA CAAAAAAATC 2760 

AATAATGAAT GGTTCCAAAA TAAGCATAGC TGAGATTAAT GATTCTCAGC ATTAGTTATA 282 0 

AATAGAATAA GCTGGAAAAC CTTCACCTCC CCTCCACCAC CAGATCCCAA AAACAAAATA 2880 

CTGAAGATGC TTATTTCAAT ACTCAGGGAA AATTTTCTTG CCAAAAAGGC AAGAATTGTA 294 0 

TAATTCATTC ACTTATTTTA TTTTTTTTAA TTTTTAAGGT CTAAGAGGAT TTCAAAGTGA 3000 

ATGCCCCCTC CTCACTTTTG GTCAAATTGG AAATGGGGGT GAGATGAAGA GTTATAACAT 306 0 

ATAACTAAAT GGACATTGTT CTCTATTCCA CAGAATTGAC TGCGACTGGA AATATGGCAA 3120 

CTTTTCAATC CTTGCATCAT GCTACTAAGA TAATTTTTAA ATGAGTATAC ATGGAACAAA 3180 

AAATGAAACT TTATTCCTTT ATTTATTTTA TGCTTTTTCA TCTTAATTTG AATTTGAGTC 324 0 

ATAAACCATA TACTTTCAAA ATGTTAATTC AACATTAGCA TAAAAGTTCA ATTTTAACTT 3300 

GGAAATATCA TGAACATATC AAATTATGTA TAAAAATAAT TTCTGGAATT GTGATTATTA 3360 

TTTCTTTAAG AATCTATTTC CTAACCAGTC ATTTCAATAA ATTAACCCTT AGGCATATTT 3420 

AAGTTTTCTT GTCTTTATTA TATTTTTAAA AATGAAATTG GTCTCTTTAT TGTTAACTTA 3480 

AATTTATCTT TGATGTTAAA AATAGCTGTG GAAAA 3515 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 222 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO I 2: 

Met Lys Val Leu lie Leu Ala Cys Leu Val Ala Leu Ala lie Ala Arg 
15 10 15 

Glu Gin Glu Glu Leu Asn Val Val Gly Glu Thr Val Glu Ser Leu Ser 
20 25 30 

Ser Ser Glu Glu Ser He Thr His He Asn Lys Lys He Glu Lys Phe 
35 40 45 

Gin Ser Glu Glu Gin Gin Gin Thr Glu Asp Glu Leu Gin Asp Lys He 
50 55 60 

His Pro Phe Ala Gin Ala Gin Ser Leu Val Tyr Pro Phe Thr Gly Pro 
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-continued 



He Pro 


Asn 


Ser 


Leu 
85 


Pro 


Gin 


Asn 


He 


Leu 
90 


Pro 


Leu 


Thr 


Gin 


Thr 
95 


Pro 


Val Val 


Val 


Pro 
100 


Pro 


Phe 


Leu 


Gin 


Pro 
105 


Glu 


He 


Met 


Gly 


Val 
110 


Pro 


Lys 


Val Lya 


Glu 
115 


Thr 


Met 


Val 


Pro 


Lys 
120 


His 


Lys 


Glu 


Met 


Pro 
125 


Phe 


Pro 


Lys 


Tyr Pro 
130 


Val 


Glu 


Pro 


Phe 


Thr 
135 


Glu 


Ser 


Gin 


Ser 


Leu 
140 


Thr 


Leu 


Thr 


Asp 


Val Glu 
145 


Lys 


Leu 


His 


Leu 
150 


Pro 


Leu 


Pro 


Leu 


Vol 
155 


Gin 


See 


Trp 


Met 


His 
160 


Gin Pro 


Pro 


Gin 


Pro 
165 


Leu 


Ser 


Pro 


Thr 


val 
170 


Met 


Phe 


Pro 


Pro 


Gin 
175 


Ser 


Val Leu 


Ser 


Leu 

leo 


Ser 


Gin 


Pro 


Lys 


Val 
185 


Leu 


Pro 


Val 


Pro 


Gin 
190 


Lys 


Ala 


Val Pro 


Gin 
195 


Arg Asp 


Met 


Pro 


He 
200 


Gin 


Ala 


Phe 


Leu 


Leu 
205 


Tyr 


Gin 


Glu 


Pro Val 
210 


Leu 


Gly Pro 


Val 


Arg 
215 


Gly 


Pro 


Phe 


Pro 


He 
220 


Leu 


Vol 







What is claimed is: 

1. Mammary gland produced antithrombin III having a 
monosaccharide composition which comprises GalNAc. 

2. Mammary gland produced antithrombin III having a 
monosaccharide composition which comprises fucose. 

3. Mammary gland produced antithrombin III having a 
monosaccharide composition which comprises a higher 
level of mannose than plasma derived antithrombin III. 

4. The mammary gland produced antithrombin III of 
claim 1 further comprising fucose. 

5. The mammary gland produced antithrombin III of 
claims 1, 2, or 4 wherein the antithrombin III further 
comprises a higher level of mannose than plasma derived 
antithrombin III. 

6. The mammary gland produced antithrombin III of 
claim 1, 2, 3, or 4 wherein the antithrombin III is produced 
in the mammary glands of a transiemc goat. 

7. A method for producing antithrombin III in mammalian 
milk, comprising: 

a. providing a transgenic mammal that expresses in its 
mammary tissue a transgene which encodes a human 50 
antithrombin III with a monosaccharide composition 
which comprises GalNAc, wherein said human anti- 
thrombin III is secreted into the milk of the mammal; 
and 33 

b. collecting milk from the transgenic animal which 
contains the human antithrombin III; 

c. to thereby obtain human antithrombin III with a 
monosaccharide composition which includes GalNAc. 

8. The method of claim 7» further comprising isolating 
human ATIII from the milk. 65 

9. The method of claim 7, wherein the transgenic mammal 
is goat. 



10. The method of claim 7, wherein the transgenic mam- 
mal is a mouse. 

11. A glycosylated human antithrombin III which is 
produced in mammary gland of a non-human transgenic 
mammal, wherein the antithrombin III comprises a 
monosaccharide composition which comprises GalNAc, 

12. A glycosylated human antithrombin III which is 
produced in the mammary gland of a non-human transgenic 
mammal, wherein the antithrombin III comprises a 
monosaccharide composition which comprises fucose. 

13. A glycosylated human antithrombin III which is 
produced in the mammary gland of a non-human transgenic 
mammal, wherein the antithrombin III comprises a 
monosaccharide composition which comprises a higher 
level of mannose than plasma derived antithrombin III. 

14. The glycosylated human antithrombin III of claim 13 
wherein the antithrombin III has a higher afiGnity for heparin 
binding as compared to plasma derived antithrombin IIL 

15. A method for producing antithrombin III in mamma- 
lian milk, comprising: 

providing a transgenic mammal that expresses in its 
mammary tissue a transgene which encodes a human 
antithrombin III with a monosaccharide composition 
which comprises fucose, wherein said human anti- 
thrombin III is secreted into the milk of the mammal; 
and 

collecting milk from the transgenic animal which contains 
the human antithrombin III 

to thereby obtain human antithrombin III with a monosac- 
charide composition which includes fucose. 

16. The method of claim 15, wherein the transgenic 
mammal is a goat. 

17. The method of claim 15, wherein the transgenic 
mammal is a mouse. 
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18. A method for producing antithrombin III in mamma- 
lian milk, comprising: 

providing a transgenic mammal that expresses in its 
mammary tissue a transgene which encodes a 
humanantithrombin III having a monosaccharide com- 
position which comprises a higher level of mannose 
than plasma derived antithrombin III, wherein said 
human antithrombin III is secreted into the milk,of the 
mammal; and 

collecting milk from the transgenic animal which contains 
the human antithrombin III 
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to thereby obtain human antithrombin III having a 
monosaccharide composition which includes a higher 
level of mannose than plasma derived antithrombin III. 



10 



19. The method of claim 
mammal is a goat. 

20. The method of claim 
mammal is a mouse. 



18, wherein the transgenic 



18, wherein the transgenic 
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CLAIM 


PACKAGE INSERT/REFERENCE 
INFORMATION 


1 . Mammary gland produced antithrombin III 

having a monosaccharide composition which 
comprises GalNAc. 


Antithrombin (Recombinant) is produced by 
recombinant DNA technology using 
genetically engineered goats into which the 
DNA coding sequence for human antithrombin 
has been introduced along with a mammary 
gland specific DNA sequence, which directs 
the expression of the antithrombin into the 
milk. (Page 10 , Package Insert) 

The human AT cDNA was derived from a 
modified pBAT6 plasmid,^^ which allows 
excision of the cDNA as an Xho I to Sal I 
fragment. (Page 4561, first paragraph of the 
"Materials and Methods" section, Blood, Vol. 
91, No. 12, 1998: 4561-4571, referencing 
Broker et al.: Expression of human 
antithrombin HI in Saccharomyces cerevisiae 
and Schizosaccharomyces pombe. Biochim 
BiophysActa 908:203, 1997) 

RhAT contained a GalNAc for galactose 
substitution on some N-linked 
ohgosaccharides, as well as a high degree of 
fucosylation. (Abstract, Blood, Vol. 91, No. 
12, 1998: 4561-4571) 


7. A method for producing antithrombin III in 
mammaUan milk, comprising: 


Antithrombin (Recombinant) is produced by 
recombinant DNA technology using 
genetically engineered goats into which the 
DNA coding sequence for human antithrombin 
has been introduced along with a mammary 
gland specific DNA sequence, which directs 
the expression of the antithrombin into the 
milk. (Page 10*, Package Insert) 

The human AT cDNA was derived fi'om a 
modified pBAT6 plasmid, which allows 
excision of the cDNA as an Xho I to Sal I 
firagment. (Page 4561, first paragraph of the 
"Materials and Methods" section, Blood, Vol. 
91, No. 12, 1998: 4561-4571, referencing 
Broker et al: Expression of human 
antithrombin HI in Saccharomyces cerevisiae 



* Page numbers were added by applicant to the Package Insert. 



a. providing a transgenic mammal that 
expresses in its mammary tissue a transgene 
which encodes a human antithrombin III 



with a monosaccharide composition which 
comprises GalNAc, 



wherein said human antithrombin III is 
secreted into the milk of the mammal; 



and b. collecting milk from the transgenic 
animal which contains the human antithrombin 

III; 



and Schizosaccharomyces pombe. Biochim 
BiophysActa 908:203, 1997) 

Antithrombin (Recombinant) is produced by 
recombinant DNA technology using 
genetically engineered goats into which the 
DNA coding sequence for human antithrombin 
has been introduced along with a mammary 
gland specific DNA sequence, which directs 
the expression of the antithrombin into the 
milk. (Page 10*, Package Insert) 

The human AT cDNA was derived from a 
modified pBAT6 plasmid,"^^ which allows 
excision of the cDNA as an Xho I to Sal I 
fragment. (Page 4561, first paragraph of the 
"Materials and Methods" section, Blood, Vol. 
91, No. 12, 1998: 4561-4571, referencing 
Broker et al.: Expression of human 
antithrombin III in Saccharomyces cerevisiae 
and Schizosaccharomyces pombe. Biochim 
BiophysActa 908:203, 1997) 



RhAT contained a GalNAc for galactose 
substitution on some N-linked 
oligosaccharides, as well as a high degree of 
fucosylation. (Abstract, Blood, Vol. 91, No. 
12, 1998: 4561-4571) 

Antithrombin (Recombinant) is produced by 
recombinant DNA technology using 
genetically engineered goats into which the 
DNA coding sequence for human antithrombin 
has been introduced along with a mammary 
gland specific DNA sequence, which directs 
the expression of the antithrombin into the 
milk. (Page 10*, Package Insert) 

The milk from two of the (Fi) transgenic goats 
was pooled and used in this study. (Page 4561, 
col 2, Blood, Vol. 91, No. 12, 1998: 4561- 
4571) 



* Page numbers were added by applicant to the Package Insert. 



c. to thereby obtain human antithrombin III 
with a monosaccharide composition which 
includes GalNAc. 



RhAT contained a GalNAc for galactose 
substitution on some N-linked 
oHgosaccharides, as well as a high degree of 
fiicosylation. (Abstract, Blood, Vol. 91, No. 
12,1998:4561-4571) 



* Page numbers were added by applicant to the Package Insert. 



\ 



GTC Biotherapeutics, Inc. Antithrombin (Recombinant) US Package Insert 
ATryn for Injection February 3, 2009 



HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all the information needed to use ATryn safely 
and effectively. See full prescribing information for ATryn. 

ATryn, Antithrombin (Recombinant) 
Lyophilized powder for reconstitution 
Initial U.S. Approval: 2009 

INDICATIONS AND USAGE 

ATryn is a recombinant antithrombin indicated for the prevention of peri-operative 
and peri-partum thromboembolic events in hereditary antithrombin deficient patients. 
(1) 

It is not indicated for treatment of thromboembolic events in hereditary antithrombin 
deficient patients. 

DOSAGE AND ADMINISTRATION 

• For intravenous use only after reconstitution 

• The dosage of ATryn is individualized for each patient. Treatment goal is to restore 
and maintain functional antithrombin (AT) activity levels between 80% - 120% 
(0.8-1:2 lU/mL) of normal. 

• Administer loading dose as a 15-minute intravenous infusion immediately followed 
by continuous infusion of the maintenance dose. (2.2) 





Loading Dose (lU) 


Maintenance Dose (lU/hour) 


Surgical 
Patients 


nOO - baseline AT activity) x Body 
2.3 Wt(kg) 


M 00 - baseline AT activity) x Body 
10.2 VVt(kg) 


Pregnant 
Women 


(1 00 - baseline AT activity) x Body 
■ 1.3 VVt(kg) 


(1 00 - baseline AT activity) x Body 
5.4 Wt (kg) 



• AT activity nnonitoring is required for proper treatment. Check AT activity once or 
twice per day with dose adjustnnents made according to table below. (2.2) 



Initial Monitor Time 


AT Level 


Dose Adjustment 


Recheck AT Level 




< 80% 


Increase 30% 


2 hours after each dose 
adjustment 


2 hours after 
initiation of treatment 


80% to 120% 


None 


6 hours after initiation of 
treatment or dose adjustment 




> 120% 


Decrease 30% 


2 hours after each dose 
adjustment 



• Continue administration of ATryn until adequate follow-on anticoagulation has 



been established. 
• Store at 2-8X (36-46T). Discard any unused portion. (2.1, 16) 



2_ 
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DOSAGE FORMS AND STRENGTHS 

• ATryn is a sterile lyophilized powder for reconstitution. Each single dose vial of 
ATryn contains the potency as stated on the label, which is approximately 1750 lU. 

(3) 

CONTRAINDICATIONS 

• Known hypersensitivity to goat and goat milk proteins. (4) 

^WARNINGS AND PRECAUTIONS 

• Anaphylaxis and severe hypersensitivity reactions are possible. Should symptoms 
occur, treatment with the product should be discontinued, and emergency 
treatment should be administered. (5.1) 

• The anticoagulant effect of drugs that use antithrombin to exert their 
anticoagulation may be altered when ATryn is added or withdrawn. To avoid 
excessive or insufficient anticoagulation, regularly perform coagulation tests 
suitable for the anticoagulant used, at close intervals, especially in the first hours 
following the start or withdrawal of ATryn and monitor patients for bleeding or 
thrombosis. (5.2) 

ADVERSE REACTIONS 

Most common adverse reactions reported in clinical trials at a frequency of > 5% 
were hemorrhage and infusion site reaction. (6) 

To report SUSPECTED ADVERSE REACTIONS, contact Ovation 
Pharmaceuticals at 1-800-455-1141 or FDA at 1-800-FDA-1088 or 
www.fda.gov/medwatch. 

DRUG INTERACTIONS 

• ATryn enhances anticoagulant effect of heparin and low molecular weight heparin. 

(7) 

• The half-life of ATryn may be altered by concomitant treatment with anticoagulants 
that use antithrombin to exert their anticoagulant effect. (7) 

USE IN SPECIFIC POPULATIONS 

• Pregnancy Category C. Studies in pregnant women have not shown that ATryn 
increases the risk of fetal abnormalities if administered during the third trimester of 
pregnancy. No data is available for use of ATryn in earlier stages of 
pregnancy. (8.1) 

• Labor and Delivery: ATryn is used in the treatment of peri-partum women with 
hereditary antithrombin deficiency. (8.2) 
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• Nursing Mothers: ATryn administered by infusion will be present in breast milk at 
estimated concentrations 1/50 to 1/100 that of concentration in blood. Use only if 
clearly needed. (8.3) 

See 17 for Patient Counseling Information. 

Date: XX/XX/2009 
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FULL PRESCRIBING INFORMATION 



1 INDICATIONS AND USAGE 

ATryn® is a recombinant antithrombin indicated for the prevention of peri-operative 
and peri-partum thromboembolic events in hereditary antithrombin deficient 
patients\ 

It is not indicated for freafme/if of thromboembolic events in hereditary antithrombin 
deficient patients. 

2 DOSAGE AND ADMINISTRATION 

For Intravenous Use Only after Reconstitution 

2.1 Preparation for Administration 

• Bring vials to room temperature no more than 3 hours prior to reconstitution. 

• Reconstitute with 10 mL Sterile Water for Injection [(WFI) not supplied with 
ATryn] immediately prior to use. Do not shake. 

• Do not use solution containing visible particulates or if it is discolored or 
cloudy. 

• Draw solution from one or more vials into a sterile disposable syringe for 
intravenous administration or add solution to an infusion bag containing 0.9% 
sterile sodium chloride for injection (e.g., dilute solution to obtain a 
concentration of 100 lU/mL). 

• Administer using an infusion set with a 0.22 micron pore-size, in-line filter. 

• Administer contents of infusion syringes or diluted solution within 8 to 12 
hours of preparation when stored at room temperature (68-77°F (20-25°C)). 

• Discard unused product in accordance with local requirements. 

2.2 Recommended Dose and Schedule 

• The dosage of ATryn is to be individualized based on the patient's pre- 
treatment functional AT activity level (expressed in percent of normal) and 
body weight (expressed in kilograms) and using therapeutic drug monitoring 
(Table 1). 

• The goal of treatment is to restore and maintain functional antithrombin (AT) 
activity levels between 80% - 120% of normal (0.8 - 1.2 lU/mL). 



(o 
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• Treatment should be initiated prior to delivery or approximately 24 hours prior 
to surgery to ensure that the plasma antithrombin level is in the target range 
at that time. 

• Different dosing formulae are used for the treatment of surgical and pregnant 
patients. Pregnant women who need a surgical procedure other than 
Cesarean section should be treated according to the dosing formulae for 
pregnant patients. 

• Administer loading dose as a 15-minute intravenous infusion, immediately 
followed by a continuous infusion of the maintenance dose. 

• AT activity monitoring and dose adjustments should be made according to 
Table 2. 

• Continue treatment until adequate follow-on anticoagulation is established. 



Table 1 : Dosing Formula for Surgical Patients and Pregnant Women 





Loading Dose 
(lU) 


Maintenance Dose 
(lU/hour) 


Surgical 
Patients 


MOO - baseline AT activity level) x Bodv 


(100 - baseline AT activitv level) x Bodv 


2.3 Weight 
(kg) 


10.2 Weight 
(kg) 


Pregnant 
Women 


( 1 00 - baseline AT activity level) x Bodv 
1.3 Weight 
(kg) 


(100 - baseline AT activitv level) x Bodv 
5.4 Weight 
(kg) 



AT Activitv Monitoring and Dose Adiustnnent 

AT activity monitoring is required for proper treatment. Check AT activity once or 
twice per day with dose adjustments made according to Table 2. 



Table 2: AT Activity Monitoring and Dose Adjustment 



Initial Monitor Time 


AT Level 


Dose Adjustment 


Recheck AT Level 




< 80% 


Increase 30% 


2 hours after each dose 
adjustment 


2 hours after 
initiation of treatment 


80% to 120% 


None 


6 hours after initiation of 
treatment or dose adjustment 




> 120% 


Decrease 30% 


2 hours after each dose 
adjustment 



As surgery or delivery may rapidly decrease the AT activity levels, check the AT 
level just after surgery or delivery. If AT activity level is below 80%, an additional 
bolus dose may be administered to rapidly restore decreased AT activity level. In 
such instances, the loading dose formulae in Table 1 should be used, utilizing in the 
calculation the last available AT activity result. Thereafter, restart the maintenance 
dose at the same rate of infusion as before the bolus. 
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3 DOSAGE FORMS AND STRENGTHS 

ATryn is a sterile lyophilized formulation. Each vial of ATryn contains the potency 
stated on the label, which is approximately 1750 lU. 

4 CONTRAINDICATIONS 

ATryn is contraindicated in patients with known hypersensitivity to goat and goat milk 
proteins. 

5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity Reactions 

Allergic-type hypersensitivity reactions are possible. Patients must be closely 
monitored and carefully observed for any symptoms throughout the infusion period. 
Patients should be informed of the early signs of hypersensitivity reactions including 
hives, generalized urticaria, tightness of the chest, wheezing, hypotension, and 
anaphylaxis. If these symptoms occur during administration, treatment must be 
discontinued immediately and emergency treatment should be administered. 

5.2 Coagulation Monitoring Tests 

The anticoagulant effect of drugs that use antithrombin to exert their anticoagulation 
may be altered when ATryn is added or withdrawn. To avoid excessive or insufficient 
anticoagulation, coagulation tests suitable for the anticoagulant used (e.g., aPTT 
and anti-Factor Xa activity) are to be performed regularly, at close intervals, and in 
particular in the first hours following the start or withdrawal of ATryn. Additionally, 
monitor the patients for the occurrence of bleeding or thrombosis in such situation. 

6 ADVERSE REACTIONS 

The serious adverse reaction that has been reported in clinical studies is 
hemorrhage (intra-abdominal, hemarthrosis and post procedural). The most 
common adverse events reported in clinical trials at a frequency of > 5% are 
hemorrhage and infusion site reaction. 

6.1 Clinical Trial Experience 

Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly compared to 
rates in the clinical trials of another drug and may not reflect the rates observed in 
practice. 



Adverse reactions that occurred in clinical trials with hereditary AT deficient patients 
are shown in Table 3 by System Organ Class. 
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Table 3: Adverse Reactions in Hereditary AT Deficient Patients 
(one event per patient, 2% of total population, n=47) 

Gastrointestinal Disorders 

Intra-abdominal Hemorrhage 
General Disorders and Administration Site Disorders 

Application Site Pruritus 

Feeling Hot 

Non-cardiac Chest Pain 
Investigations 

Hepatic Enzyme Abnormal 
Musculoskeletal and Connective Tissue Disorders 

Hemarthrosis 
Renal and Urinary Disorders 

Hematuria 
Vascular Disorders 

Hematoma 



Immunogenicitv 

For ATryn, a potential safety issue is the development of an immunological reaction 
to the recombinant protein or any of the potential contaminating proteins. Assays 
were developed and used to detect antibodies directed against antithrombin 
(Recombinant), goat AT, or goat-milk proteins. No confirmed specific immunological 
reaction was seen in any of the patients tested, nor were there any clinical adverse 
events that might indicate such a response. 

A post-marketing patient registry has been established to collect additional data on 
the immunogenic potential of ATryn in patients treated with ATryn on more than one 
occasion. Physicians are encouraged to participate in the registry by collecting pre- 
and post-treatment serum samples from patients according to instructions provided 
by Ovation Pharmaceuticals, Inc. and submitting them to Ovation for analysis for the 
development of antibodies to antithrombin (Recombinant). Serum samples should 
be collected within one week before initiation of treatment and on days 1 , 7 and 28 
days from initiation of treatment. Physicians wanting to participate in this program 
are encouraged to contact Ovation Pharmaceuticals, Inc. at 1-800-455-1141. 
Ovation will provide detailed instructions for the collection, processing and shipping 
of samples, as well as all tubes and labels that are necessary for the collection and 
processing of samples. 

7 DRUG INTERACTIONS 

The anticoagulant effect of heparin and low molecular weight heparin (LMWH) is 
enhanced by antithrombin. The half-life of antithrombin may be altered by 
concomitant treatment with these anticoagulants due to an altered antithrombin 
turnover. Thus, concurrent administration of antithrombin with heparin, low molecular 
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weight heparin, or other anticoagulants that use antithrombin to exert their 
anticoagulant effect nnust be monitored clinically and biologically. To avoid excessive 
anticoagulation, regular coagulation tests (aPTT, and where appropriate, anti-Factor 
Xa activity) are to be performed at close intervals, with adjustment in dosage of the 
anticoagulant as necessary. 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Pregnancy Category C: In rats, a dose of 210 mg/kg/day ATryn (5-6 times the 
human dose for pregnant women) administered during most of the pregnancy and 
entire lactation showed a slight but statistically significant increase in pup mortality in 
day one through day four when compared to concurrent control (90% compared to 
94% viability index for 210 mg/kg/day versus control). This slight statistical difference 
does not reflect a true treatment-related effect. This same dose was shown to be 
safe in a second rat study when administered around parturition and during lactation 
where the no adverse effect level for dam and pups was 210 mg/kg/day. 

There are no adequate and well-controlled studies in pregnant women. Because 
animal reproductive studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Studies in pregnant women have not shown that ATryn increases the risk of fetal 
abnormalities if administered during the third trimester of pregnancy. In clinical trials 
in hereditary AT deficient patients, 22 pregnant women have been treated with 
ATryn around parturition. 

No adverse reactions were reported in 22 neonates born from pregnant women 
treated with ATryn during clinical trials. 

8.2 Labor and Delivery 

ATryn is indicated for the treatment of pregnant women during the peri-partum 
period. Pregnant patients who need a surgical procedure other than Cesarean 
section are to be treated according to the dosing formulae for pregnant patients. 

8.3 Nursing IVIothers 

ATryn will be present in breast milk at levels estimated to be 1/50 to 1/100 of its 
concentration in the blood. This level is the^same as that estimated to be present in 
breast milk of normal lactating women which is not known to be harmful to breastfed 
neonates. However, caution should be exercised when ATryn is administered to a 
nursing woman. Use only if clearly needed. 

In 2 reproductive toxicology studies performed in rats, antithrombin (Recombinant) 
was administered to pregnant dams at doses up to 210 mg/kg/day, resulting in 
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supraphysiologic plasma levels of antithrombin. Pups were allowed to breastfeed 
and were monitored for changes in prothrombin (PT) or aPTT, as well as pup 
viability, body weight at birth, growth, and development. In these studies, there were 
no adverse effects in offspring who consumed milk from dams treated with ATryn. 

8.4 Pediatric Use 

Safety and effectiveness in pediatric patients have not been established. 

8.5 Geriatric Use 

Clinical studies of ATryn did not include sufficient numbers of subjects aged 65 and 
over to determine whether they respond differently from younger subjects. In 
general, dose selection for an elderly patient should be cautious, usually starting at 
the low end of the dosing range, reflecting the greater frequency of decreased 
hepatic, renal, or cardiac function, and of concomitant disease or other drug therapy. 

11 DESCRIPTION 

ATryn for Injection is a nanofiltered, sterile, terminally heat treated, lyophilized 
dosage form. Antithrombin (Recombinant), active ingredient of ATryn, is a 
recombinant human antithrombin. It is a 432 amino acid glycoprotein with a 
molecular weight of approximately 57,215 Daltons. The molecular formula is: 
C2191H3457N583O656S18. Antithrombin (Recombinant) is produced by recombinant 
DNA technology using genetically engineered goats into which the DNA coding 
sequence for human antithrombin has been introduced along with a mammary gland 
specific DNA sequence, which directs the expression of the antithrombin into the 
milk. The goats in which antithrombin (Recombinant) is produced are USDA certified 
scrapie-free, and controlled for specific pathogens. 

The amino acid sequence of Antithrombin (Recombinant) is identical to that of 
human plasma-derived antithrombin. Antithrombin (Recombinant) and plasma- 
derived antithrombin both contain six cysteine residues forming three disulphide 
bridges and 3-4 N-linked carbohydrate moieties. The glycosylation profile of 
Antithrombin (Recombinant) is different from plasma derived antithrombin, which 
results in an increased heparin affinity. When assayed in the presence of excess of 
heparin the potency of the recombinant product is not different from that of plasma 
derived product. 

Each vial of ATryn is tested for potency stated on the product label using a reference 
standard calibrated against the World Health Organization international standard for 
antithrombin concentrate. In addition to Antithrombin (Recombinant), each vial of 
the product contains 100 mg glycine, 79 mg sodium chloride, and 26 mg sodium 
citrate. When reconstituted with 10 mL Sterile Water for Injection, the pH is 
approximately 7.0. Following reconstitution, the solution may be further diluted into 
0.9 % sodium chloride for injection. 
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ATryn does not contain any preservatives nor is it formulated with human plasma 
proteins. Antithrombin (Recombinant) is affinity purified using a heparin immobilized 
resin and contains no detectable heparin (<0.0002 lU heparin per lU antithrombin) in 
the final product. 

The purification and drug product manufacturing processes have been validated to 
demonstrate its capacity for removal and/or inactivation of viruses'^. Results of 
removal and/or inactivation for each of the steps are shown in Table 4. 



Table 4: Viral Clearance Results (logio reductions) 



Process Step 


Pseudorabies 
Virus 


Xenotropic 

Murine 
Retrovirus 


Human 
Adenovirus 


Porcine 
Parvovirus 


Tangential Flow Filtration 


S5.1 








Affinity Chromatography 


1.6 


1.2 


NA 


1.4 


Nanofiltration 




S3.8 


S6.3 


S3.7 


Ion Exchange 
Chromatography 


3.6 


1.0 


57.1 


NA 


Hydrophobic Interaction 
Chromatography 


S5.6 


S4.4 


S4.8 


S5.7 


Heat Treatment 


2.8 


S5.0 


>1.8 


2.4 


Total Reduction 


S18.7 


>15.4 


220.0 


213.2 



NA = Not Applicable since logio reduction was less than 1.0. 



In addition, although the goats are from a closed, USDA certified scrapie-free herd, 
the purification process was challenged to remove prions. The manufacturing steps 
were shown capable of achieving the following logio reductions: 2.0 (tangential 
filtration), 2.2 (affinity column), > 3.3 (ion exchange column), > 3.8 (hydrophobic 
interaction column). 

12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 

Antithrombin (AT) plays a central role in the regulation of hemostasis. AT is the 
principal inhibitor of thrombin and Factor Xa^, the serine proteases that play pivotal 
roles in blood coagulation. AT neutralizes the activity of thrombin and Factor Xa by 
forming a complex which is rapidly removed from the circulation. The ability of 
antithrombin to inhibit thrombin and Factor Xa can be enhanced by greater than 300 
to 1000 fold when AT is bound to heparin. 

12.2 Pharmacodynamics 

Hereditary AT deficiency causes an increased risk of venous thromboembolism 
(VTE). During high-risk situations such as surgery or trauma or for pregnant women, 
during the peri-partum period, the risk of development of VTEs as compared to the 
normal population in these situations is increased by a factor 10 to 50^'^. 
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In hereditary antithrombin deficient patients ATryn restores (nornnalize) plasma AT 
activity levels during peri-operative and peri-partum periods. 

12.3 Pharmacokinetics 

In an open-label, single dose pharmacokinetic study, male and female patients 18 
years of age) with hereditary AT deficiency, received either 50 (n = 9, all females) or 
100 (n = 6, 2 males and 4 females) lU/kg ATryn intravenously. These patients were 
not in high-risk situations. The baseline corrected pharmacokinetic parameters for 
antithrombin (Recombinant) are summarized in Table 5. 

Table 5: Baseline Corrected Mean Pharmacokinetic Parameters (%CV) 



Parameter 


50 lU/kg 


100 lU/kg 


CL (mL/hr/kg) 


9.6 (34.4) 


7.2 (15.3) 


Half-life (hrs) 


11.6 (84.7) 


17.7 (60.9) 


MRT (hrs) 


16.2 (74.9) 


20.5 (40.2) 


Vss (mL/kg) 


126.2 (37.4) 


156.1 (43.4) 



Incremental recovery [mean (%CV)] was 2.24 (20.2) and 1.94 (14.8) %/IU/kg body 
weight for 50 and 100 lU/kg, respectively. 

Population pharmacokinetic analysis of hereditary deficient patients in a high risk 
situation revealed that the clearance and volume of distribution in pregnant patients 
were (1.38 L/h and 14.3 L respectively) which are higher than non-pregnant patients 
(0.67 l_/h and 7.7 L respectively). Therefore, distinct dosing formulae for surgical and 
pregnant patients should be used (see 2.2, Recommended Dose and Schedule). 

As compared to plasma derived antithrombin, ATryn has a shorter half-life and more 
rapid clearance (approximately nine and seven times, respectively). 

Pharmacokinetics may be influenced by concomitant heparin administration, as well 
as surgical procedures, delivery, or bleeding. AT activity monitoring (see 2.2 
Recommended Dose and Schedule) should be performed to properly treat such 
patients. 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, and Impairment of Fertility 

Carcinogenesis: No carcinogenicity data for ATryn are available in animals or 
humans. 

Mutagenesis and Genotoxicity: ATryn was not mutagenic when tested in the Ames 
bacterial test and in in vitro cytogenetic assays nor was it shown to be genotoxic 
when tested in an in vivo test to assess chromosomal aberration. 
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Impairment of Fertility. No studies have been conducted to evaluate the effects of 
ATryn on fertility in humans. 

13.2 Animal Toxicology and/or Pharmacology 

Pharmacokinetic and toxicokinetic (1 single, 2 repeated dose) studies of 
antithrombin (Recombinant) were performed in mice, rats, dogs and monkeys. In 
toxicokinetic studies in monkeys the area under the curve was 3-4 times greater 
than in the rat at all doses used. 

The toxicological profile of antithrombin (Recombinant) administered by the 
intravenous route as bolus injections and infusions has been evaluated in both 
single- and repeat-dose studies performed in rats, dogs, and monkeys across a 
range of doses from 2.1 to 360 mg/kg. The highest doses in the single dose toxicity 
studies in rats and dogs were 360 mg/kg and 210 mg/kg, respectively. Toxicities 
observed were limited to transient injection site swelling observed in rats and dogs at 
the highest doses tested, and increased AST at highest dose in the dog study, both 
resolved during recovery period. 

The highest dose in the 28-day repeated-dose toxicity study in rats was 360 
mg/kg/day. The toxicity at this dose was limited to transient limb swelling and local 
injection site bruising and swelling. The highest dose in the 14-day repeated-dose 
toxicity study in monkeys was 300 mg/kg/day or approximately 7-8 times human 
dose. Toxicities observed in female monkeys at this dose included internal bleeding, 
hematological changes and liver toxicity, with one out of three female animals 
showing multifocal hepatic necrosis. Both sexes showed increased AST and ALK on 
day 15, with both parameters returning to normal by day 22. There was no adverse 
effect in monkeys dosed with 120 mg/kg/day. 

14 CLINICAL STUDIES 

The efficacy of ATryn to prevent the occurrence of venous thromboembolic events 
was assessed by comparing the incidence of the occurrence of such events in 31 
ATryn treated hereditary AT deficient patients with the incidence in 35 human 
plasma-derived AT treated hereditary AT deficient patients. Data on ATryn-treated 
patients were derived from two prospective, single-arm, open-label studies. Data on 
plasma AT treated patients were collected from a prospectively designed 
concurrently conducted retrospective chart review. Patients in both studies had 
confirmed hereditary AT deficiency (AT activity < 60% of normal) and a personal 
history of thromboembolic events. Patients had to be treated in the peri-operative 
and peri-partum period. ATryn was administered as a continuous infusion for at least 
3 days, starting one day prior to the surgery or delivery. Plasma AT was 
administered for at least two days as single bolus infusions. Due to the retrospective 
nature of the study, dosing was done with the locally available AT concentrate 
according to the local practice. 
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The occurrence of a venous thromboembolic event was confirmed if signs and 
symptoms for such events were confirmed by a specific diagnostic assessment, or 
when treatment for an event was initiated based on diagnostic imaging, without the 
presence of signs and symptoms. The efficacy was assessed during treatment with 
AT and up to 7 days after stopping AT treatment. 

In the ATryn-treated group there was one confirmed diagnosis of an acute deep vein 
thrombosis (DVT). The incidence of any thromboembolic event from the start of 
treatment to 7 days after last dosing is summarized by treatment group in Table 6 as 
are the Clopper-Pearson exact 95% CI for the proportion of patients with a 
thromboembolic event and the exact 95% lower confidence bound for the difference 
between treatments. 



Table 6: Overall Incidence of Any Confirmed Thromboembolic Event 



Plasma AT 


ATryn 


Lower 
95% 
Confidence 
Bound of 
Difference 


Ki^ No- of % of 
Pf, Pte. Pts. 95% 

Assessed p^'*"; C'* 
Events Events 


Nn nf No. of % Of 
Pt.s P*S- P*S- 

Assessed 

Events Events 


35 0 0 0 

" 10.00 


31 1 3 2 

^ 16.70 


-0.167 



* The 95% confidence intervals were calculated using Clopper-Pearson methodology. 
AT=Antithronnbin; No.=Number; Pts.=Patients; CI=Confidence Interval 



The lower 95% confidence bound of difference between treatment groups was 
-0.167, a value that is greater than the pre-specified lower confidence bound of 
-0.20. This demonstrates that ATryn was non-inferior to plasma AT in terms of the 
prevention of peri-operative or peri-partum thromboembolic events. 

Supportive data come from a study in the same population with 5 hereditary AT 
deficient patients treated on 6 occasions in a compassionate use program and 
provides additional reassurance of the efficacy of ATryn. None of these patients 
reported a thromboembolic event.^ 
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16 HOW SUPPLIED/STORAGE AND HANDLING 

Dosage Form 
NDC 67386-521-51 

Approximately 1750 lU/vial in a sterile white to off-white lyophilized powder for 
reconstitution.Each carton contains one single dose vial of ATryn. 

The actual potency of ATryn is stated on the vial label and carton. 
Storage and Handling 

Store ATryn refrigerated at between 2-8°C (36-46° F). 

Do not use product beyond the expiration date printed on the package. Discard 
unused portions. 

17 PATIENT COUNSELING INFORMATION 

Inform patients that allergic-type hypersensitivity reactions are possible and instruct 
them to inform their physicians about any past or present known hypersensitivity to 
goats or goat milk proteins prior to treatment with ATryn. Inform patients of the early 
signs of hypersensitivity reactions including hives, generalized urticaria, tightness of 
the chest, wheezing, hypotension, and anaphylaxis and to notify their health care 
provider immediately if these events develop. 

Inform patients about the risk of bleeding when ATryn is administered with other 
anticoagulants and instruct them to notify their physicians of any bleeding events 
while on treatment with ATryn. 

Manufacturer: 

GTC Biotherapeutics, Inc. 

Framingham, MA 01702, U.S.A. 
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Recombinant human antithrombin (rhAT) produced in trans- 
genic goat milk was purified to greater than 99%. The 
specific activity of the rhAT was identical to human plasma- 
derived AT (phAT) in an in vitro thrombin inhibition assay. 
However, rhAT had a fourfold higher affinity for heparin than 
phAT. The rhAT was analyzed and compared with phAT by 
reverse phase high-performance liquid chromatography, cir- 
cular dichroism, fluorophore-assisted carbohydrate electro- 
phoresis (FACE), amino acid sequence, and liquid chromatog- 
raphy/mass spectrography peptide mapping. Based on these 
analyses, rhAT was determined to be structurally identical to 
phAT except for differences in glycosylation. Oligomannose 

ANTITHROMBIN (AT) is a serine protease inhibitor that 
inhibits thrombin and factor Xa and, to a lesser extent, 
factors IXa, XIa, Xlla, tPA, urokinase, trypsin, plasmin, and 
kallikrein.*"^ Human AT, which is synthesized in the liver, is 
normally present in plasma at levels of 14 to 20 mg/dL.^'^ It has 
a molecular weight of approximately 58,000 Da and contains 
432 amino acids, three disulfide bridges, and four carbohydrate 
side chains, which account for 15% of the total mass7'^ 
Decreased levels of AT may be found in the serum of 
individuals who have either a hereditary deficiency of AT or an 
acquired deficiency, which can result from a number of 
pathological conditions.^ 

AT circulates in a form with low inhibitory activity.^-'^ The 
addition of heparin increases the inhibitory capacity of AT for 
thrombin by 1 ,000- to 5,000-fold or greater"-'^ jhe AT binds to 
a well defined pentasaccharide on the heparin chain. '^-'^ The 
interaction between AT and thrombin then produces a tightly 
bound TAT (thrombin: antithrombin) complex'^ that is essen- 
tially irreversible'^ and cleared quickly from circulation. Thera- 
peutic use of heparin as an anticoagulant works through activation 
of endogenous AT. Patients whose AT levels are very low can 
become refractory to heparin therapy. '^'^'* Although circulating 
AT provides an anticoagulant effect with exogenously adminis- 
tered heparin, the heparan sulfate glycosaminoglycans on the 
endothelial layer lining the blood vessels may be the physiologi- 
cal site of action for circulating AT.^'-^"^ 

We have previously shown that human proteins can be made 
in the milk of transgenic goats^^*^^ and that transgenic produc- 
tion of large quantities of recombinant protein is feasible." We 
have now produced recombinant human antithrombin (rhAT) in 
this production mode focusing on large-scale production. The 
current yearly production of plasma-derived AT is estimated at 
approximately 100 kg worldwide. Because AT is glycosylated' 
and glycosylation is important for half-life and sometimes 
function^^ of glycoproteins, a mammalian expression system 
was favored for recombinant production of this glycoprotein for 
therapeutic use. Assuming the highest level of recombinant 
protein production in mammalian cell culture is 100 mg/L of 
culture media and 50% recovery through the purification 
process, 2,000,000 L of culture media would be required to 
produce 100 kg of purified rhAT. At 2 g/L expression level in 
goat*s milk, 100,000 L of milk from approximately 150 goats 



structures were found on the Asn 1 55 site of the transgenic 
protein^ whereas only complex structures were observed on 
the plasma protein. RhAT contained a GalNAc for galactose 
substitution on some N-linked oligosaccharides, as well as a 
high degree of fucosylation. RhAT was less sialylated than 
phAT and contained both N-acetylneuraminic and N-glycolyl- 
neuraminic acid. We postulate that the increase in affinity for 
heparin found with rhAT resulted from the presence of 
oligomannose-type structures on the Asn 155 glycosylation 
site and differences in sialylation. 
© 1998 by The American Society of Hematology 



would be sufficient, assuming similar recovery. We present here 
the initial characterization of human AT transgenically pro- 
duced in the milk of goats (rhAT) and its comparison with 
human plasma-derived AT (phAT). 

MATERIALS AND METHODS 

Production of the transgenic animal. Transgenic goats expressing 
rhAT in their milk, under control of the p-casein promoter, were made 
essentially as described previously.^' The goats were developed in 
collaboration with Dr Karl Ebert of Tuft*s University School of 
Veterinary Medicine (Boston, MA). The goat p-casein gene was cloned 
as previously described by Roberts et al.^^ The coding region between 
exons 2 and 7 was removed and replaced with an Xho I restriction 
site.2''^° The human AT cDNA was derived from a modified pBAT6 
plasmid,^' which allows excision of the cDNA as an Xho I to Sal I 
fragment. The Xho l/Sal I human AT cDNA was ligated between exons 2 
and 7 of the goat p-casein gene to form a goat p-casein-human AT 
cDNA transgene. 

Embryos were collected, micro injected, and transferred to recipient 
female goats as previously described.^' A founder (Fq) transgenic goat, a 
male was identified by analyzing genomic DNA from both a sample of 
ear tissue and blood by polymerase chain reaction (PCR)^^ and by 
Southern blot analysis.^' This founder male was bred to nontransgenic 
females and produced transgenic female and male offspring. Transmis- 
sion of the transgene was analyzed in genomic DNA isolated from 
blood by PGR and Southern blot analysis. The milk from two of the (F|) 
transgenic female goats was pooled and used in this study. 

Purification. Milk from AT transgenic goats was stored frozen at 
-40°C before use. For purification, milk was thawed, proprietary 
chemicals were added to enhance filtration, and the milk was clarified 
through a 500-kD tangential flow membrane filtration unit (AG 
Technology Corp, Needham, MA). The permeate from the filter was 
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loaded directly onto a Heparin Hypcr-D (Biosepra, Marlborough, MA) 
affinity chromatography column. The column was equilibrated in 40 
mmol/L sodium phosphate, 135 mmol/L NaCl, pH 6.9, washed with 20 
mmol/L sodium phosphate, 400 mmol/L NaCl, pH 7.0 and eluted with 
20 mmol/L sodium phosphate, 2.5 mol/LNaCl, pH 7.0. 

The heparin column eluate was concentrated and diafiltered against 20 
nmiot/L sodium phosphate, 65 mmol/L NaCl, pH 7.0 by ultrafiltration to 
reduce the conductivity. This solution was applied to an AKX Sepharose Fast 
Flow column (Pharmacia, Piscataway, NJ) equilibrated with 20 mmol/L 
sodium phosphate, 65 mmoI/L NaCl, pH 7.0, The column was washed with 
equilibration buffer and eluted with 20 mmoI/L sodium phosphate, 320 
mmol/L NaCl, pH 6,7. The anion exchange eluate was adjusted to 1 .26 mol/L 
citrate by addition of sodium citrate and loaded onto a Methyl HyperD 
column (Biosepra) equilibrated with 1 .26 mol/L sodium citrate, 7.7 mmol/L 
citric acid, pH 7.0. The column was washed with equilibration buffer and 
eluted with 0.9 mol/L sodium citrate, 5.5 nunol/L citric acid, pH 7.0. The 
rhAT was then concentrated to 25 mg/mL by tangential flow ultrafiltration 
and formulated. 

Analytical methods. A commercially available (Thrombate; Miles 
Inc. Elkart, fN) preparation of human plasma AT was used for 
comparison with rhAT. The lyophilized product (Lot # 03B002 B) was 
reconstituted with 10 mL of high-performance liquid chromatography 
(HPLC) grade water and aliquots (53.3 lU/mL) frozen at -80^C. Goat 
plasma AT was isolated from goat plasma by an adaptation of the 
methods shown for the recombinant AT 

The expression level of the AT in the milk was determined by using a 
two-stage colorimetric endpoint assay in a microplate format, which mea- 
sures the degree of thrombin inhibition. This assay is a modified AT/heparin 
cofactor assay.^^'^'' In this method, AT was added to an excess of porcine 
heparin (Grade I-A#H3393; Sigma, St Louis, MO) followed by the addition 
of a constant amount of thrombin. After a period of incubation, thrombin 
activity was measured by the addition of a thrombi n-specific chromogenic 
substrate (S2238, Chromogenics, Molndal, Sweden). 

Inhibitory activity of purified rhAT and phAT was measured with respect 
to thrombin in a similar manner by using the S2238 substrate and an excess of 
heparin (55.5 nmol/L). The concentration of thrombin (Calbiochem #605 190, 
La Jolla, CA) was 243 mU/mL for this assay, with a substrate concentration 
of 337 ^mol/L. Inhibitory activity with respect to factor Xa was measured in 
an equivalent assay, but with the substitution of factor Xa (Calbiochem 
#233526; 6.46 mU/mL in the assay) for thrombin, and using the S2765 
substrate from Kabi. In both assays the enzyme was added to a mixture of AT 
and heparin for a 10-minute preincubation at 37°C before the initiation of the 
reaction by addition of substrate. Reaction volumes were 0.6 mL, and all 
reactions were stopped after a period of 10 minutes by the addition of glacial 
acetic acid. The reaction rate was shown to be linear for this 10-minute 
period. Heparin cofactor activation of thrombin inhibition was measured 
using multiple subsaturating concentrations of heparin in the assays with AT 
at 3 nmol/L. 

Total protein was determined by using a modified Bradford protein 
assay (Pierce, Rockford, IL) with bovine serum albumin as standard. 
The concentration of the purified protein was confirmed by amino acid 
analysis as previously described.^^ Recovery of rhAT after each 
purification step was determined by a rapid reverse-phase HPLC 
(RP-HPLC) chromatography method performed by using a Hewlett 
Packard (Wilmington, DE) 1 100 series HPLC equipped with detection 
at 2 1 4 nm. Samples were analyzed on a POROS R2/H column (2. 1 X 30 
mm; Perseptive Biosystems, Framingham, MA) equilibrated with 0.1% 
trifluoro acetic acid (TFA) in HPLC grade water at a flow rate of 2.0 
mL/min. rhAT was eluted from the column by using 0.08% TFA in 
acetonitrile. Test sample concentrations were determined by rhAT peak 
area comparisons to a standard quantitated by amino acid analysis. 

Polyacrylamide gel electrophoresis was performed according to the 
Laemmli method^^ by using gradient gels (10% to 20%) (Integrated 
Separations Systems, Natick, MA). Gels were stained with silver by the 
method of Morrissey.^^ Purity was determined by scanning the gels with an 



LKB Model 2202 laser densitometer (LKB Inst, Uppsala, Sweden). BIORAD 
molecular weight standards were used for molecular weight estimation. 
Western blot analysis was performed by using a modification of the method 
of Bumette.-*^ The labeling antibody was affinity purified sheep anti-hAT- 
HRP (SeroTec, Oxford. UK). Development was with the enhanced chemilu- 
minescence (ECL) system (Amersham, Princeton, NJ). 

Protein purity was assessed by RP-HPLC on a Hewlett Packard 1090 
HPLC equipped with photodiode array detection. Samples were diluted to 80 
|ig/mL in 0.1% TFA and 250 ^L aliquots analyzed on a \^dac C4 column 
(2. 1 X 250 mm) equiUbrated in 0. 1 % TFA. The column was developed with 
a complex gradient at a flow rate of 0.3 mUmin. Solvent A was 0.1% TFA 
and solvent B was 0.08% TFA in acetonitrile; 0 to 2 minutes = 0% solvent B; 
2 to 22 minutes - 0% to 40% solvent B; 22 to 27 minutes = 40% to 45% 
solvent B; 27 to 34.5 minutes = 45% to 60% solvent B; 34.5 to 40 minutes = 
60% to 90% solvent B; and 40 to 42 minutes = 90% solvent B. Peaks were 
integrated at 21 5 nm and a purity value was calculated. 

For peptide mapping, samples of AT were reduced and pyridylethylated 
and the modified protein was desalted by RP-HPLC on a C4 column. 
Digestions of both the native and reduced/pyridylethylated protein were 
performed with Lys-C protease at pH 8.5 at an enzyme:substrate ratio of 1 ; 50 
for 18 hours at 37°C. Resultant digests were quenched and peptide mapping 
was performed on a \Vdac C8 reverse phase column (2.1 X 150 mm). 
Peptides were eluted in an acetonitrile/TFA gradient. 

For LC/MS analysis, eluant from the chromatography column was 
introduced directly into the electrospray interface of the mass spectrom- 
eter and spectra acquired over m/z range of 200 to 4,000 at a 3-second 
scan rate. Electrospray mass spectrometry was performed on a Finnigan 
TSQ 700 triple quadrupole mass spectrometer equipped with a Finnigan 
Electrospray source. Chromatography was performed on a Michrom 
UMA HPLC at a flow rate of 50 ^L/min. 

Amino terminal sequence analysis was performed by using an 
Applied Biosystems (Foster City, CA) 477 sequencer. Phenyl thiohydan- 
toin (PTH) amino acid analysis was performed with an on-line Applied 
Biosystems 120A PTH analyzer equipped with an Applied Biosystems 
2.1 X 220-mm PTH C-18 column. 

Monosaccharide analysis was performed according to the method of 
Hardy et aP^ by using a Dionex HPLC (Sunnyvale, CA) equipped with a 
pulsed amperometric detector. Sialic acid determination was performed by 
using the thiobarbituric acid method as modified by Powell and Hart^** by 
using a Hewlett Packard 1090 HPLC. Monosaccharide standards were 
purchased from Phanstiel Laboratories Inc (Waukegan, IL). 

Oligosaccharide content was examined by using the fiuorophore- 
assisted carbohydrate electrophoresis (FACE) system (Glyko, Novato, 
CA) and LC/MS analysis of glycopeptides. FACE was performed on 
oligosaccharides released from glycoproteins by using N-Glycanase 
(Genzyme, Framingham, MA). Proteins were denatured with 0.15% 
sodium dodecyl sulfate (SDS), 65mmol/L p-mercaptoethanol at 100°C 
for 5 minutes. SDS binding was displaced with 1 .2% Nonidet-40 after 
cooling on ice for 5 minutes. N-Glycanase was added at 150 U/mg AT 
and samples incubated overnight at 37°C. The released oligosaccharides 
were labeled overnight at 37°C with the fluorescent label 8, aminonaph- 
thalene-l,3,6-trisulfonate (ANTS) by using reagents and protocol 
included in the Oligosaccharide Labelling Reagent Pack (Glyko). 
Labeled samples were loaded onto precast oligosaccharide profiling 
gels from Glyko. Gels were run at 1 5 mA/gel for 85 minutes. Gels were 
imaged by using an SEIOOO Imager (Glyko) and quantitated by using 
FACE Analytical Software (Glyko). 

Heparin binding of purified AT was assessed by fractionation on a 
TSK-Gel Heparin 5PW affmity column (5 mm internal diameter [ID] X 
50 mm; TosoHaas, Montgomeryville, PA) on a Hewlett Packard 1050 
HPLC. Samples were applied to the column equilibrated in 50 mmol/L 
Tris-Cl, 10 mmol/L sodium citrate, pH 7.4 at a flow rate of 0.5 mL/min. 
The column was washed for 10 minutes with equilibration buffer and 
eluted with a linear gradient of 0 to 3 mol/L NaCl in equilibration buffer 
over 20 minutes. Protein was monitored by absorbance at 215 nm. 
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Absorbance of a blank run was subtracted to give the final chronnato- 
grams- 

Heparin binding of AT was also assessed by measuring the change in 
fluorescence of Trp according to Fan et al.'" Samples of AT were diluted 
to 20 nmol/L in 20 mmol/L sodium phosphate, 100 mmol/L NaCl. 100 
fimol/L EDTA, pH 7.4 containing 0.1% PEG-4000 (Fluka, Buchs. 
Switzerland). Fluorescence was measured on a Spex FluoroMax 
fluorometer (Spex Industries, Edison, NJ) by using an excitation 
wavelength of 280 nmol/L (5-nm bandwidth) and an emission wave- 
length of 340 nmol/L (10-nm bandwidth). Heparin (Sigma Grade I-A 
#H3393; porcine) was added sequentially in l-pL aliquots to up tol6 ^iL 
total added volume. 

Circular dichroism spectroscopy was performed on a Jasco J-720 spectro- 
polarimeter (Jasco Inc, Easton, MD). The instrument was calibrated with 
(+)-10-camphorsuIfonic acid. Measurements were made at room tempera- 
ture by using cylindrical cuvettes with path lengths 0.01 cm (far ultraviolet, 
170 to 260 nm) and 1.0 cm (near ultraviolet, 250 to 360 nm). Data analysis 
was performed on the average of at least 45 scans. The average spectrum was 
smoothed by Fourier transformation and corrected for the baseline. The 
sample was in 133 mmol/L glycine, 135 mmol/L NaCl, 10 mmol/L sodium 
citrate buffer at pH 7.0. 

RESULTS 

Expression of rhA T A graphic presentation of rh AT expres- 
sion in transgenic goat milk during a full lactation cycle is 
shown in Fig 1 . The rhAT expression level remained relatively 
constant throughout the full lactation cycle, which lasted over 
300 days with a fairly constant yield throughout the lactation. 
The purification process (see Materials and Methods) provided 
a cumulative yield of greater than 50% (Table 1) with high step 
recoveries at all stages during the process. 

Purity. The purity of the rhAT was greater than 99% and was at 
least equivalent to that observed for the commercial phAT as judged 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE; Fig 2A). No protein bands other than AT (determined by 
Westem blot; Fig 2B) were evident with silver staining at a high 
protein load (Fig 2A). The higher molecular weight bands in all 
cases appeared to be multimers of AT with the major oligomeric 
form in the phAT having the apparent molecular weight of a dimer. 
Based on this gel, the rhAT has a lower level of oligomerization than 
the phAT. Purity as assessed by RP-HPLC was determined to be 
greater than 99% (Fig 3). The chromatographic profile and retention 
time of the rhAT was similar to the plasma-derived protein. Analysis 
of the leading shoulder areas (seen in both samples) by peptide 



Table 1 . Compilation of the Percent Recovery for Each Step 
of Purification and Overall for the Process 




160 200 

Lactation Day 



Step 


Total ATIII (g) 


Step Recovery 


Overall Yield 


Diluted milk 


115.0 




100% 


Heparin eluate 


87.3 


76% 


76% 


Ultrafiltration 


86.0 


98% 


75% 


DEAE eluate 


84.7 


98% 


74% 


Methyl eluate 


67.3 


80% 


59% 


UF/Formulation 


61.0 


91% 


53% 



Fig 1. Milk production and rhAT expression level of a typical 
lactation cycle from one female goat, (♦), milk volume in L/d; (■), 
rhAT level in g/d. 



Data represent the average of 3 runs at this scale. 



mapping coupled with mass spectrometry, identified these peaks as 
AT molecules that are partially oxidized (data not shown). 

Assessment of activity and heparin binding. The transgeni- 
cally produced rhAT was found to have a specific activity of 6 
lU/mg protein, equivalent to that of the phAT, by using an assay 
that measured inhibition of thrombin in an excess of heparin. 
The inhibitory capacity of rhAT and phAT in both thrombin and 
factor Xa activity assays was examined (Fig 4). Equivalent 
inhibition was observed with both the major known targets 
of AT 

Heparin cofactor activation of rhAT was examined by 
varying the amount of heparin used in inhibition assays of either 
thrombin or factor Xa (Fig 5). These assays showed that rhAT 
requires a lower concentration of heparin than phAT for 
inhibition of both enzymes. The heparin concentrations re- 
quired for half-maximal inhibition of thrombin by rhAT and 
phAT were 0.045 nmol/L and 0.151 nmol/L, respectively. For 
inhibition of factor Xa, these values were 0.71 nmol/L and 2.22 
nmol/L for rhAT and phAT In both cases, rhAT required a 
threefold to fourfold lower concentration of heparin for activa- 
tion of the inhibitor. 

Analysis of the binding characteristics of each AT was also 
examined with a solid-phase heparin affinity column (Fig 6). 
The complexity observed in the elution profile (Fig 6 A) was 
caused by both the heterogeneous population of heparin used to 
make the column and the presence of the higher affinity 
P-isoform of AT, which lacks glycosylation at Asn 135. The a 
isomer eluted as two peaks, at 21 and approximately 25 minutes 
for rhAT and 20 and approximately 24 minutes for phAT. The 
P-AT form also eluted as two peaks at 24 and 28.5 minutes for 
rhAT and 23 and 28 minutes for phAT. Both the major and 
minor peaks associated with rhAT required a higher salt 
concentration for elution compared with the coordinate peaks of 
phAT indicating a higher heparin affinity for all forms of the 
transgenically produced AT. Because the first p-isoform peak 
coeluted with the second a-isoform peak, quantitation of the 
forms from this method was not possible. Examination of the 
thrombin inhibitory activity across the elution pattern of the 
rhAT (Fig 6B) indicated that all of the fractions detected as 
having protein also had activity. 

Examination of heparin binding affinity by using the Trp 
fluorescence assay^' provided additional evidence that the two 
molecules differ in their affinity for heparin (Fig 7). A fourfold 
higher affinity for heparin was observed with the rhAT when 
compared with the phAT. The calculated binding constants (Kj 
values) were 10.3 nmol/L and 41.2 nmol/L for rhAT and phAT, 
respectively. However, the F^ax (fluorescence at saturating 
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Fig 2. SDS-PAGE gel (A) and Western blot (B) of 
rhAT (lane 1), rhAT assay standard (lane 2), and phAT 
(lane 3). Molecular weight markers are shown on the 
silver stained gel (A). Twenty micrograms of protein 
were applied to each sample lane (lanes 1, 2, and 3). 
The SDS-PAGE gel (A) was developed with the 
Morrissey silver stain, and the Western blot (B) was 
developed with a sheep antihuman AT-HRP antibody 
(SeroTec) and color development was the ECL sys- 
tem (Amersham). 



heparin) values were indistinguishable for rhAT and phAT. 
Dissociation constants were calculated by using nonlinear least 
squares analysis as described by Fan et al'" assuming a mean 
molecular weight of 1 3,500 D for heparin.'*^ 




Retention Time (min) 

Fig 3. RP-HPLC chromatograms showing the purity of rhAT (A) 
and phAT (B). Chromatography was performed with 20 ^tg of protein 
applied to a Vydac C4 column (2.1 x 250 mm) with a series of linear 
gradients (see Materials and Methods). Detection was by absorbance 
at 215 nm. 



Structural characterization. A detailed biochemical charac- 
terization was performed in an effort to determine the basis for 
the increased heparin affinity in the transgenic protein. N- 
terminal sequence analysis confirmed that the rhAT had the 
correct N-terminal sequence. A minor sequence lacking the first 
two residues and beginning with serine was observed in both the 
rhAT and phAT. with a slightly lower percentage (8% v 13%) of 
this form present in the rhAT. The reduced and pyridylethylated 
peptide map of rhAT was essentially identical to that of phAT 
(Fig 8). The only differences observed were in the regions of the 
three glycopeptides (K8, K15, and K18). The peptide contain- 
ing theAsn 135 glycosylation site (K12) is a tripeptide and was 
not retained on the chromatographic column used. The differ- 
ences observed in the glycopeptides were caused by the increased 
glycosylation heterogeneity present in the transgenic protein. 
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Fig 4. Comparative Inhibition of thrombin (circles) and factor Xa 
(inverted triangles) by rhAT (• and T) and phAT (O and V) with a 
saturating concentration of heparin. 
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The primary sequence of rhAT was confirmed by on-line 
LC/MS analysis of an endoproteinase Lys-C digest. By using 
this procedure, 27 of the 35 theoretical Lys-C peptides were 
identified (Table 2). Seven of the eight unidentified peptides had 
masses of less than 375 D, which would result in a doubly 
charged ion below the 200 mass/charge ratio (m/z) lower mass 
range used in these studies. The eighth peptide (K26) was 
observed as an incomplete cleavage product because of the 
presence of a proline C-terminal to the lysine. The only 
post-translational modifications detected were at the known 
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Fig 6. Chromatography of rhAT and phAT on a TSK-Gel Heparin- 
5PW affinity column. Sample load was 175 M^g (A) and 25 ^.g (B). AT 
was eluted with a 0- to 3-mol/L NaCI gradient in equilibration buffer 
with detection at 215 nm. For (A), the dotted line represents phAT and 
the solid line represents rhAT. For (B), the solid line represents rhAT 
protein and the circles represent thrombin inhibition activity. The 
difference in retention times between panels resulted from a 10- 
minute wash preceding the elutlon gradient in (A) that was not used 
in (B). 



N-glycosylation sites with no evidence of any other modifica- 
tions on either the rhAT or the phAT. 

Peptide mapping under nonreducing conditions (data not 
shown) confirmed that the three disulfide linkages occurred 
between cysteines 8 to 128, 21 to 95, and 247 to 430 as reported 
previously,"*^ The conformation of rhAT was further analyzed by 
CD spectroscopy (Fig 9). The AT far ultraviolet circular 
dichroism (CD) spectrum was similar for both proteins and was 
characterized by two negative bands at 220 to 222 nm and 210 
nm and an intense positive band around 193 nm. The two negative 
minima and a positive maximum were indicative of the presence of 
both a-helix and p sheet in the protein, which was consistent with 
the crystal structure data of phAT."*^ The near ultraviolet spectrum 
of both proteins was also similar with a number of positive and 
negative peaks between 260 nm and 300 nm (Fig 9B). These 
data were in excellent agreement with the previously published 
spectra of AT derived from human and bovine plasma."*^ 

We also monitored changes in the CD of AT in the presence 
of a saturating level of heparin (Fig 9B), In the far ultraviolet 
spectrum, the addition of heparin produced little change (data 
not shown), which suggested that secondary structures were not 
altered. However, the near ultraviolet spectrum showed a 
dramatic increase in band intensity across the whole region 
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Fig 7. The binding of AT to heparin was analyzed by protein 
fluorescence enhancement.^^ rhAT (O) and phAT (□) were diluted to 
20 nmol/L in 20 mmol/L sodium phosphate, 100 mmol/L NaCI, 100 
p.mol/L EDTA, 0.1% PEG, and pH 7.4. Heparin was added in 1-^L 
aiiquots, and fluorescence was measured with excitation at 280 nm 
and emission at 340 nm. 
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Fig 8. Lys C peptide maps of reduced and alkyl- 
ated rhAT (A) and phAT (B). The K# designation 
corresponds to the peptide produced by Lys C diges- 
tion as shown in Table 2. 



when heparin was added. This marked enhancement in chiral 
absorption can be attributed mainly to the perturbation of buried 
and exposed tryptophan residues. This CD result also indicated 
that for the same protein concentration, the increase in CD 
intensity was higher for rhAT than for phAT, which again 
indicated that the heparin affinity of the rhAT was higher than 
that of phAT. 

Carbohydrate analyses. The oligosaccharide structures at 
all four N-linked glycosylation sites on phAT have been 
reported to be similar and to contain primarily biantennary 
disialylated complex oligosaccharides without fiicose.' The 
monosaccharide composition obtained for phAT (Table 3) was 
consistent with such a glycosylation pattern. The monosaccha- 
ride composition obtained for rhAT indicated that the glycosyl- 
ation was significantly different from that of phAT. The key 
differences were the presence of fucose and GalNAc, a higher 
level of mannose, a lower level of galactose and sialic acid. No 
evidence of 0-linked glycosylation was observed during LC/MS 
analysis of the rhAT peptide map, which suggested that the 
GalNAc is present on N-Iinked oligosaccharides. The increased 
level of mannose also suggested the presence of oligomannose 
structures on the recombinant protein. 

The glycosylation heterogeneity of phAT and rhAT was 



further analyzed by LC/MS analysis of the individual glycopep- 
tides (Fig 10). By using the LC/MS technique, the monosaccha- 
ride composition of the oligosaccharide structures present at 
each site were deduced by subtracting the amino acid mass from 
the total mass of the glycopeptide. The predominant oligosaccha- 
ride observed at each site is presented in Table 4. The 
glycopeptide containing the Asn 135 site of both phAT and 
rhAT could not be analyzed in this manner because of its poor 
retention on the chromatography column. Other LC/MS data 
indicated that the Asn 135 site of rhAT was greater than 80% 
glycosylated with the complex oligosaccharide types noted 
below (data not shown). In humans, AT lacking glycosylation at 
the Asn 1 35 site (the p-isoform) was measured at 5% to 15% of 
the total AT found in plasma.''^-'*' 

For all three phAT glycopeptides analyzed, the major oligo- 
saccharide species had a mass of 2,206 to 2,207 D. This mass 
corresponded to a monosaccharide composition of HexNAc4, 
Hex5,NANA2, which was consistent with a biantennary disi- 
alylated structure. This assessment was in agreement with the 
published data of Franzen et al.^ 

In contrast, the mass spectra obtained for the rhAT glycopep- 
tides are more complex. The mass spectrum obtained for the 
glycopeptide containing the Asn 96 site (K8) of rhAT (Fig lOA) 
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Table 2, Lys C Peptide Number, the Residues in Each Peptide 
With Each Theoretical Mass, and the Masses Observed 
for rhAT and phAT by LC/MS 



Observed Mass 



Peptide 


Residues 


Theoretical 


rhAT 


phAT 


K1 


1-11 


1,232.44 


1.232.3 


1,232.2 


K2 


12-28 


2,152.61 


2,152.5 


2,152.6 


K3 


29-29 


146.20 


— 


— 


K4 


30-39 


1,093.08 


1,093.2 


1,093.0 


K5 


40-53 


1,698.95 


1,698.9 


1,698.9 


K6 


54-70 


1,957.14 


1,957.2 


1.957.2 


K7 


71-91 


2,299.60 


2,299.7 


2,299.7 


K8* 


92-107 


3,976.18 


3,976.6 


4,121.9 


K9 


108-114 


838.92 


838.7 


838.7 


K10 


115-125 


1,340.51 


1,340.4 


1,340.5 


K11 


126-133 


1,170.46 


1,170.2 


1,170.3 


K12* 


134-136 


331.38 


— 


— 


K13 


137-139 


320.35 


— 


— 


K14 


140-150 


1,219.42 


1,219.2 


1.219.2 


K15* 


151-169 


3,557.63 


3,558.2 


4.385.3 


K16 


170-176 


860.03 


859.8 


859.7 


K17 


177-188 


1,330.43 


1.330.3 


1,330.3 


K18* 


189-193 


2,693.63 


2,693.6 


2,839.2 


K19 


194-222 


3,248.78 


3.249.1 


3,249.9 


K20 


223-226 


502.62 


502.3 


502.3 


K21 


227-228 


233.28 


— 


— 


K22 


229-236 


978.08 


978.0 


977.9 


K23 


237-241 




oyo. / 


RQQ A 


K24 


242-257 


1,799.00 


1,799.0 


1.798.9 


K25 


258-275 


2,209.59 


2.209.4 


2,209.5 


K26 


276-287 


1,314.62 






K27 


288-290 


372.43 






K28 


291-294 


417.51 


417.2 


417.1 


K29 


295-297 


374.45 






K30 


298-332 


4,260.98 


4,261.5 


4,261.0 


K31 


333-348 


1,849.10 


1,849.2 


1.848.7 


K32 


349-350 


233.28 






K33 


351-370 


2,202.46 


2,202.4 


2,202.5 


K34 


371-403 


3,448.85 


3,448.8 


3,449.1 


K35 


404-432 


3,421.20 


3,420.9 


3,421.3 



*Glycopeptide. 



States of the glycopeptide containing a biantennary disialylated 
structure. 

The mass spectrum of rhAT Asn 155 containing glycopeptide 
(K15) (Fig I OB), was more heterogeneous than that of the Asn 
96 site. This spectrum was dominated by two series of peaks, 
one centered around the m/z of 1,779.4 (2"^ charge) and one 
around m/z 1,187 (3"^ charge) and corresponded to a series of 
masses differing by 162 D representing oligomannose-type 
oligosaccharides ranging from mannose 3 to mannose 9. The 
peak with an m/z value of 1,352.1 (3"^ charge) corresponded to 
the peptide Asn 155 with a hybrid oligosaccharide structure. 
The peaks with m/z values of 735 and 863 arose from earlier 
eluting peptides K33 and K34, respectively. In contrast the 
phAT spectrum for this glycopeptide (Fig lOE) had a single 
main peak with an m/z value of 1 ,462.8, again corresponding to 
a glycopeptide containing a biantennary disialylated oligosac- 
charide structure. Additionally, treatment of rhAT with endoH to 
remove oligomannose-type oligosaccharides produced a shift in 



20000 
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had a major peak at 1,326.5 m/z corresponding to the 3+ charge 
state of the glycopeptide with a fucosylated biantennary mono- 
sialylated oligosaccharide structure. The peak at 995.4 m/z 
corresponded to the 4+ charge state of the same species. The 
peak at 1,423.5 m/z corresponded to the fucosylated bianten- 
nary disialylated oligosaccharide. Additional minor peaks were 
observed surrounding the major peaks, which could be ac- 
counted for by monosaccharide substitutions. The substitution 
of an N-glycolyl neuraminic acid (NGNA) for a N-acetyl 
neuraminic acid (NANA) resulted in a 16-D mass increase, and 
the substitution of a HexNAc (GalNAc) for Hex (Gal) resulted 
in a 42-D mass increase. The presence of N-glycolyl neuraminic 
acid was confirmed by chromatographic analysis. The GalNAc/ 
Gal substitutions accounted for the lower level of galactose and 
presence of GalNAc in the monosaccharide compositional 
analysis of rhAT. The spectrum for the phAT Asn 96 glycopep- 
tide (Fig lOD) was less complex with the two major peaks at 
1,375 and 1,031.3 m/z corresponding to the 3+ and 4+ charge 




Waveiength[nm] 

Fig 9. Circular dichroism spectra of rhAT (solid line) and phAT 
(broken line) in the far ultraviolet (A) and near ulUaviolel (B) with (+) 
and without (-) heparin. The molar ratio between protein and 
heparin was 1:7. Molar ellipticity is expressed in deg x cnr»* x dmol "\ 
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Table 3. Monosaccharide Compositions of the Sugars Found on rhAT and phAT 









Moles Sugar/Mole Protein 








Fucose 


GalNAc 


GIcNAc 


Galactose 


Mannose 


Sialic Acid 


rhAT 
phAT 


2.61 ± 0.15 
0.00 


1.53 i 0.03 
0.00 


10.78 ± 0.17 
13.08 i 0.01 


4.40 ± 0.03 
7.72 ± 0.01 


14.71 ± 0.25 
11.03 ± 0.01 


2.84 ± 0.12 
5.38 ± 0.28 



the peptide map peak containing Asn 155 (K15) (data not 
shown). 

The predominant oligosaccharide at the Asn 192 glycosyla- 
tion site of rhAT (Kl 8) (Fig IOC) was a fucosylated biantennary 
monosialylated structure giving an miz of 899,0 for the 4"*" and 
1,348.0 for the 3"^ charge states. The series of peaks around m/z 
1,006.6 corresponded to fucosylated biantennary disialylated 
structures. The heterogeneity observed around these peaks also 
arose from the monosaccharide substitutions described for the 
Asn 96 glycopeptide (above). The phAT spectrum (Fig lOF) 
contained two major peaks at an m/z of 947.3 and 1,420.6 
corresponding to the 3^ and 2'*" charge states of the glycopep- 
tide containing a biantennary disialylated oligosaccharide struc- 
ture. 

FACE analysis of oligosaccharides released from rhAT and 
phAT confirmed that the predominant oligosaccharide present 
on the recombinant protein was a monosialylated biantennary 
fucosylated structure (Fig II, lane 4). Fucose on the rhAT 
oligosaccharides made the oligosaccharide slightly larger (slower 
mobility) than the nonfiicoslyated form. The lack of a single 
sialic acid retarded the mobility of charged oligosaccharides 
(Fig 1 1 , lane 4) in which the upper major band was identified as 
the monosialylated and the lower band disialylated. Adding 
sialic acid to rhAT with sialyltransferase resulted in a FACE gel 



pattern with shift in intensity from the upper to the lower band 
(data not shown). The FACE analysis also showed the increased 
oligosaccharide heterogeneity present on rhAT compared with 
both phAT and goat plasma AT although the method did not 
clearly resolve the oligomannose structures in the rhAT sample. 
That the FACE profile of goat AT was similar to that of phAT 
suggested that the increased fiicosylation and heterogeneity, as 
well as the presence of oligomannose structures, was a result of 
expression in the mammary gland and did not arise because of 
goat/human glycosylation differences. 

DISCUSSION 

Production of rhAT in the mammary gland of transgenic 
goats has provided a means for high level (> 1 g/L) expression 
of this therapeutic protein. This report provides the first detailed 
structural and functional analysis of a human therapeutic 
protein produced in the milk of a transgenic animal to be used in 
human clinical studies. In fact, rhAT was successfully evaluated 
in phase I and phase II human clinical studies designed to test 
the ability of rhAT to maintain hemostasis during coronary 
artery bypass graft surgery. 

The rhAT isolated from the milk of transgenic goats was 
indistinguishable from phAT with the exception of its heparin- 
binding affinity and the nature of its glycosylation. The rhAT 
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Fig 10. The mass spectrum obtained for the glyco- 
peptides containing Asn 96, Asn 155, and Asn 192 for 
rhAT (A, B, and C) and phAT (D, E, and F). respec- 
tively. 
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Table 4. Major Oligosaccharide Structures of Glycosylation Sites 
Deduced From LC/MS Data of Glycopeptides 



Peptide Observed Observed Theoretical 



Site 


Mass 


Mass 


CHO Mass 


CHO Mass 


Composition 


rhAT 












Asn 96 


1,915.3 


3,976.5 


2,061.2 


^,UbU.7 


nexiMAC't.nexb, 
Fucl.NANAI 


Asn155 


2,178.4 


3,558.0 


1,379.6 


1,379.2 


HexNAc2,Hex6 


Asn 192 


632.7 


2,694.0 


2.061.3 


2,060.9 


HexNAc4.Hex5. 
Fucl.NANAI 


phAT 












Asn 96 


1,915.3 


4,122.0 


2,206.7 


2.206.0 


HexNAc4.Hex5. 
NANA2 


Asn 155 


2,178.4 


4,385.4 


2,207.0 


2,206.0 


HexNAc4,Hex5. 
NANA2 


Asn 192 


632.7 


2,838.9 


2,206.2 


2,206.0 


HexNAc4,Hex5, 
NANA2 



and phAT exhibited equivalent activity in in vitro thrombin and 
factor Xa inhibition assays and were structurally comparable in 
RP-HPLC binding characteristics, LC/MS peptide mapping 
profiles (except for the glycopeptides) and near and far ultravio- 
let circular dichroism spectra. The major differences in glycosyl- 
ation noted were that the rhAT was less sialylated, more 
fucosylated, and contained GalNAc for Gal substitutions and 
some NONA as well as NANA as terminal sugars when 
compared with phAT. 

These differences in glycosylation between the rhAT and 
phAT are presumed responsible for the difference in heparin 




1 2 3 4 5 

Fig 11. FACE analysis of phAT (lane 2), goat plasma AT (lane 3), 
and rhAT (lane 4) N-glycanase released oligosaccharides. Lane 1 
contains dextran polymers of varying length beginning with a trimer 
at the bottom of the gel and increasing by one sugar for each band to 
the top. Lane 5 contains a series of standard oligosaccharides (Dionex 
Corp) from bottom to top: disialylated biantennary, trisialylated 
triantennary, asialo biantennary, asialo triantennary, and asiatotetra- 
antennary complex oligosaccharides. 



binding. Previous reports by Zettlmeissl et aH^ described site 
mutation experiments on individual glycosylation sites of rhAT 
produced in Chinese hamster ovary (CHO) cells, which resulted 
in higher affinity for heparin when compared with phAT. A 
current report,"*^ using similar techniques, corroborated the 
above study and further showed that the presence of glycosyla- 
tion on the Asn 155 site was responsible for generating the 
lower affinity glycoform of the fully glycosylated AT made in 
CHO cells. The nature of the oligosaccharides present was not 
determined. In another study, Garone et al^° reported that 
fucosylation at the Asn 1 55 site reduced the heparin affinity of a 
variant of rhAT made in baby hamster kidney cells in which Asn 
135 was mutated to Gin 135. Neither the phAT nor the rhAT 
examined here had fucosylated oligosaccharides at the Asn 155 
site. The main difference observed between phAT and rhAT at 
Asn 155 was in the nature of the glycosylation: phAT had a 
charged oligosaccharide and rhAT had a noncharged oligosac- 
charide. Because of the different expression systems used and 
differences in glycosylation at sites other than the Asn 1 55 site, 
it is difficult to directly compare the results we have obtained 
with these other studies. However, it is apparent that glycosyla- 
tion differences at the Asn 1 55 site are important in determining 
the overall heparin affinity of AT. 

The data presented above indicated that both the ot and P 
isoforms of rhAT bound more tightly to heparin than the a and (3 
isoforms of phAT Because all of the sites of the a form are fully 
glycosylated, the increase in heparin affinity observed must 
have been caused by the nature of the glycosylation present not 
the degree of site occupancy. As noted above, rhAT exhibited an 
overall lower level of sialylation than phAT and a very different 
glycoform distribution at the Asn 155 site. Initial studies 
suggested that removal of sialic acid from phAT resulted in a 
higher affinity for heparin (data not shown). The prevention of 
glycosylation on the individual sites increased heparin affin- 
ity48,49 purportedly by reducing steric hindrance to heparin 
binding. Alternatively, the prevention of glycosylation by site 
mutation also prevented potential sialylation, which could exert 
a charge repulsion effect with negatively charged heparin 
sulfate. Whether the absence of sialic acid on specific glycosyl- 
ation sites would impart any enhancement of heparin binding 
will require further study. 

The fact that transgenically produced rhAT had a higher 
heparin affinity may have relevance to its clinical use. The 
importance of an increased affinity of AT for heparin in vivo 
may lie in the fact that heparin and heparin-like glycosaminogly- 
cans are receptors for AT and thrombin and that these gly- 
cosaminoglycans are found in the vascular endothelium and 
extravascular spaces, not circulating in the blood stream. AT is 
activated by binding to heparan sulfate proteoglycans on 
endothelial cells,*^'^''^'*" and clearance of AT fi-om blood occurs 
by redistribution into the extravascular space and binding to the 
endothelial surfaces.^'''^'*" 

The control of thrombin activity locally may be the initial 
step in preventing disseminated intravascular coagulation (DlC) 
by controlling the occurrence of coagulatable sites in blood 
vessels and organs.^' Thrombin was implicated in stimulating 
the vascular endothelium to synthesize prostacyclin,^'' tissue 
plasminogen activator,^^ and tissue plasminogen activator inhibi- 
tor^^ besides its activation of coagulation. AT was shown to 
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inhibit thrombin-induced prostacyclin induction in HUVEC 
cells." Thrombin was also found to enhance the adhesion of 
neutrophil leukocytes to endothelial cells.^®-^' 

A recent study showed that AT at high dose, without added 
heparin, was an effective and safe therapy for disseminated 
intravascular coagulation with organ failure in four children.^^ 
Thus, enhancing the ability of AT to inhibit thrombin locally 
may provide a better way to control not just coagulation but 
other thrombin-induced events. rhAT, with its higher affinity for 
heparin, could provide more AT at sites of insult or inflamma- 
tion to help control DIG and other events stimulated by the 
presence of thrombin. Studies to ascertain differences in the 
biodistribution and efficacy because of increased heparin affinity 
are in progress. 
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